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Abstract 
 
Experiences of nature are known to provide substantial health and wellbeing benefits to people, and 
there is a growing interest in whether they can also ignite conservation concern. In this thesis I 
investigate how nature experiences deliver health and wellbeing benefits to people, whether the 
strength of a person’s connection to nature moderates these benefits, and if nature experiences are 
correlated with both the strength of a person’s connection to nature and the extent of a person’s 
conservation behaviors.  First, I review the benefits people receive from experiences of nature as 
looked at through the individual senses (Chapter 2).  I conclude that the literature is biased towards 
visual studies but that there is evidence for the importance of the other senses, and so research that 
goes beyond the visual sense is urgently needed. I then analyze population data from the city of 
Brisbane to examine the concept of the “extinction of experience,” showing that while nature dose 
is strongly positively related to an experiential connection with nature, it is much more weakly 
associated with conservation concern (Chapter 3). I conclude that there are different kinds of nature 
relatedness (such as experiential enjoyment and conservation concern), and these react differently 
to nature exposure.  I then go on to show experimentally that a person with a stronger connection to 
nature does not receive greater benefits from a particular nature experience (Chapter 4). This 
implies that people with varying strengths of connection to nature might benefit equally from 
enhanced nature experiences. Finally, I survey a highly motivated population of ecosanctuary 
members and show that one specific kind of nature relatedness (“self”) is a mediator for the 
relationship between conservation behavior and both nature dose and nature knowledge (Chapter 
5). This suggests that nature dose and knowledge are positively correlated with various measures of 
conservation behavior even though dose itself is not strongly related to conservation concern. In 
this thesis I have shown that different aspects of connection to nature (self-identity, experiential 
enjoyment, and conservation concern) operate in very different ways with respect to nature dose 
and conservation behavior, suggesting caution is needed around programs that aim to reconnect 
people with nature to enhance conservation awareness and concern. Further, I have shown that 
nature benefits are multi-sensory and may need to be extended beyond the visual sense (Chapters 2, 
4), conservation concern is not strongly linked to nature dose (Chapters 3, 5), nature relatedness 
“self” mediates the dose-conservation behavior relationship (Chapter 5), and the benefits of a nature 
experience are not limited to people with a strong connection to nature (Chapter 4). 
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Chapter 1. Introduction 
 
1.1 Background 
 
Over the past few centuries, people have become more and more urbanized (Cohen, 2006; Thompson, 
2011).  Beginning as a mostly nomadic hunter-gatherer society and then evolving into an agrarian and 
finally an industrial people, we have now entered the technological age (Ingold, 1997).  During this 
progression, settling in one place led to the development of towns and then cities, which by virtue of 
concentrating large numbers of people in a small area meant that the places where we live and work 
have suffered a progressive replacement of vegetated landscapes with built form (McKinney, 2006).  
Slowly, these urban centers have grown in size until today, when they have reached the size of millions 
of people that characterize many nations (Cohen, 2006).  Migration of people from rural to urban 
environments continues to the present day, and now more than half of the world’s population lives in 
urban centers (United Nations, 2014). 
 
During the early wave of industrialization and urbanization, a counter-wave of sentiment emerged.  
Known as the Romantic Movement, it was in part fueled by a desire to return to nature and spend more 
time in natural surroundings (Agrawal, 1990; Coupe, 2000).  Nature was considered healthier and more 
relaxing than urbanity, and concerns began to emerge around the significant risks to public health of 
inadequate sanitation and poor environment within industrialized cities (Thompson, 2011).  In response 
to this urbanization, a movement to ensure the provision of parks and nature reserves in cities and 
towns was begun, which is to this day is considered a key component of good public health 
(Thompson, 2011).  Furthermore, science has begun to demonstrate a range of health and wellbeing 
benefits of experiences of nature close to where we live and work (Bowler, Buyung-Ali, Knight, & 
Pullin, 2010; Bratman, Hamilton, & Daily, 2012; Maller, Townsend, Pryor, Brown, & St. Leger, 2006). 
 
These two concepts, the benefits we receive from nature (nature benefits) and the connection we feel to 
nature (nature connection) form the basis for this thesis.  Based on the current literature, we came up 
with a theoretical flow chart for the relationship between these ideas (described in Figure 1.1). 
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Figure 1.1 The presumed relationship between nature experience, connection, benefits, and conservation action.   
There is little research into the direct relationship between nature experience and nature connection, although there is some 
indication it might lead to a small increase in some measures (Nisbet, 2013).  On the other hand, the link between nature 
connection and benefits from nature is quite strong (Nisbet, Zelenski, & Murphy, 2011), while studies on the relationship between 
nature connection and conservation behavior usually indicate some association depending on the measures used (Nisbet, Zelenski, 
& Murphy, 2009). 
 
The benefits of nature are many and varied.  Some examples listed by Shanahan et al. (2015) include 
reduced mortality from cardiovascular disease (Mitchell & Popham, 2008), improved healing time (R. 
Ulrich, 1984), reduced stress (Van den Berg & Custers, 2011), reduced respiratory illness (Lovasi, 
Quinn, Neckerman, Perzanowski, & Rundle, 2008), improved self-reported wellbeing (Dallimer et al., 
2012; R. Fuller, Irvine, Devine-Wright, Warren, & Gaston, 2007), improved social cohesion (Shinew, 
Glover, & Parry, 2004), and improved cognitive ability (M. G. Berman, Jonides, & Kaplan, 2008).   
 
There are two main theories about how experiences of nature provide these benefits by being 
restorative: Kaplan’s attention restoration theory (1995) and Ulrich’s stress reduction theory (R. S. 
Ulrich et al., 1991).  Kaplan’s theory posits that certain environments are restorative as a function of 
several qualities they possess.  These qualities allow directed attention (a type of mental function) to be 
restored by resting it while we use passive attention.  The qualities of the environments that are 
restorative draw out our passive attention.  These qualities have been suggested to include fascination 
(the landscape is interesting), “being away” (the landscape provides escape), extent (the landscape 
provides its own world), and compatibility (the landscape matches the individual’s temperament).  
Because natural environments possess these qualities, they are therefore restorative.  One could surmise 
that non-natural environments could also contain at least some of Kaplan’s qualities of restorative 
environments, but because natural environments possess them to such a great degree, they are the main 
focus of this theory.  Ulrich’s theory focuses on stress recovery.  He suggests that nature is restorative 
based on a psycho-evolutionary basis and spending time in it leads to an improved emotional state.  His 
theory is much more nature-centric, suggesting that it is natural environments themselves that are 
beneficial and not just certain general qualities that could be present in any environment.   
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It is clear that nature can be beneficial to people, so it’s also important to determine how people feel 
about this nature as it can have such potential positive effects.  Elizabeth Nisbet developed the Nature 
Relatedness Scale (a measure of our connection to nature) and showed that it correlates positively with 
people’s wellbeing, specifically their mood and happiness, with more nature related people reporting 
greater levels of happiness and life satisfaction (Nisbet et al., 2011).  This suggests that if spending 
time in nature enhances a person’s connection to nature (Nisbet, 2013), this in turn might deliver a 
range of health and wellbeing benefits (Fig. 1.1).  It is therefore unsurprising that there is some concern 
that as we are losing access to nature, this may lead to us losing the health benefits that it provides. 
 
As well as a reduction in the health and wellbeing benefits that nature experiences provide, there has 
also been concern that modern city dwellers are losing their connection to nature and concern for its 
conservation (Cheesman & Key, 2007; Miller, 2005; Nisbet et al., 2009).  In a process he termed the 
“extinction of experience,” Pyle (1978) postulated that as we spend less time in nature, we are more 
weakly connected to it, care about it less, and feel less strongly about nature conservation.  Ultimately, 
this is hypothesized to lead to a feedback cycle in which apathy about nature conservation leads to 
further reductions in nature in our towns and cities, and further reductions in time spent in nature (Fig. 
1.2). This idea has been widely adopted by the conservation movement as an explanation for low levels 
of conservation concern among the public (Miller, 2005), and as an inspiration for “back-to-nature” 
programs provided in an effort to reconnect individuals to nature in hopes of promoting greater care for 
the environment (for examples, see chapter 2).  Yet despite the widespread acceptance of the idea that 
the extinction of experience leads to a cycle of apathy, there is little scientific evidence supporting most 
parts of the proposed pathway (Fig. 1.2). 
 
    Spending less time in nature   
 Nature degradation      Caring less 
Conserving less 
 
Figure 1.2 The cycle of apathy in the extinction of experience. 
 
In this thesis, I investigate whether and how nature experiences influence a person’s connection with 
nature, and in turn, whether and how nature experiences ultimately lead to wellbeing benefits and 
conservation concern/action (Fig. 1.1).  Chapter 2 will focus on how the health and wellbeing benefits 
of nature are delivered, chapter 3 examines how nature experiences affect connection with nature, 
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chapter 4 tests whether the strength of a person’s nature connection affects the magnitude of benefits 
they receive from a nature experience, and chapter 5 relates nature dose and nature connection to 
conservation action. 
 
In the following sections, I provide an overview of the different components of the pathways between 
nature experiences and the wellbeing and conservation outcomes. 
 
1.2 Nature 
 
Nature is a broad concept, and may be defined differently by different individuals.  Because I am 
investigating nature benefits, it is important to define what I mean by nature, that is, what I would 
include in this category as something that might be considered restorative.  Additionally, since I am 
looking at nature relatedness, I must know to what people feel connected.  What is it, exactly am I 
referring to when I say “nature?” 
 
According to dictionary definitions, the primary characteristic of nature is the concept of human-made 
versus not human-made.  The Oxford dictionary (2018) defines nature as: “the phenomena of the 
physical world collectively, including plants, animals, the landscape, and other features and products of 
the earth, as opposed to humans or human creations.”  The Collins dictionary (2018) defines nature as: 
“all the animals, plants, and other things in the world that are not made by people, and all the events 
and processes that are not caused by people.”  Dictionary.com (2018) defines it as “the material world, 
especially as surrounding humankind and existing independently of human activities.”  The Cambridge 
English Dictionary (2018) describes it as “all the animals, plants, rocks, etc… in the world and all the 
features, forces, and processes that happen or exist independently of people, such as the weather, the 
sea, mountains, the production of young animals or plants, and growth.”  We can see that the uniting 
factor among all of these is the idea of it being the material world outside of human manufacture.  
Here, I consider all non human-made components of the world to be nature, and importantly this 
includes human-designed spaces that include natural elements, such as parks and gardens, street trees, 
and indoor pot plants. 
 
There is some disagreement over whether humans should be included in a definition of nature; 
however, even when people consider themselves a part of nature, they still define nature as lacking 
human intervention (Vining, Merrick, & Price, 2008).  Wohlwill (1983) agrees that nature is 
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traditionally conceived of as in opposition to the man-made environment, but he wonders whether this 
definition is valuable.  He points out that the ideas of “natural” and “man-made” compose “fuzzy sets.”  
That is, he believes that the boundaries between the two are difficult to distinguish, such as in the case 
of cultivated farmland, for which arguments could be made to include it in either category.  He argues 
that there is a large difference between cultivated nature and wild nature, but ultimately comes to the 
conclusion that both deserve to be considered within the realm of “nature.”  He also discusses the fact 
that in other cultures, such as those of the Native American Navaho and the Japanese, mankind is 
included within the definition of nature, but he makes it very clear that in Western culture, there is a 
wide divide between the two and mankind is not included in nature.  He mentions a preliminary study 
he conducted on 6 and 14 year old children which found that they divided pictures into nature/man-
made categories quite spontaneously, indicating that this divide may have deep foundations.  For 
operational clarity, therefore, in this thesis I do not include humans themselves in a definition of nature, 
and I explore at various points the extent to which a person feels part of nature, through an instrument 
designed to measure self-identity with nature. 
 
1.3 Nature experience 
 
 
Nature experience or exposure can be measured in different ways.  Shanahan et al. (2016) use several 
measures which aim to capture frequency, intensity and duration in an attempt to get a sense of 
people’s nature “dose” in their current, daily lives.  They also aim to get a sense of somewhat less 
frequent exposures, such as infrequent visits to parks, and eventually conclude that 30 minutes a week 
is a beneficial minimal nature dose to receive benefits. 
 
The Natural Environment Exposure Scale (NEES; Pensini, Horn, & Caltabiano, 2016) measures nature 
dose in a different way.  Rather than targeting duration and intensity, it focuses on frequency in 
different natural environments.  Specifically, it asks about how often people spend time in various 
natural environments, such as the beach, the forest, a lake, and so on.  It provides a measure for their 
current exposure and another for their childhood exposure, which provides a bit more information. 
 
Keniger et al. (2013), in a review, took yet another approach, dividing nature dose into three categories: 
indirect (e.g. window views, videos), incidental (i.e. unintentionally coming into physical contact with 
real nature), and intentional (i.e. seeking nature out).  They also mention that previous researchers have 
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considered dose as ranging from passive to active (K. N. Irvine & Warber, 2004), but argue that 
including intentional contact is very important as it might influence environmental action more directly 
(Clayton, 2007). 
 
In terms of what has been used as a nature “dose” in experiments, there are those which put people in 
nature as an exposure (Keniger’s incidental exposure), and others which rely on a proxy, such as 
photographs, videos, or window views (Keniger’s indirect exposure).  Kjellgren and Buhrkall (2010) 
looked at videos versus sitting in a park and concluded that while both contributed to stress reduction, 
the outdoor setting provided the additional benefits of increased energy and experiencing an altered 
state of consciousness, indicating that type of nature exposure is important.  This is supported by Kahn 
et al. (2008), who showed that experimental participants in an office setting experience greater heart-
rate recovery from stress while looking out a window to nature rather than while looking at a blank 
wall or watching an HDTV video of nature. 
 
Studies employing a visual proxy used exposures such as photographs (M. G. Berman et al., 2008; 
Berto, 2005; Bourrier, 2015), videos (Karin Laumann, Garling, & Stormark, 2003; R. S. Ulrich, 1981), 
slides (Pretty, Peacock, Sellens, & Griffin, 2005; R. S. Ulrich, 1981), and nature views (Tennessen & 
Cimprich, 1995; R. Ulrich, 1984).  While this may initially seem confusing, as slides and photographs 
are obviously man-made, they show a representation of nature and are thus used to bring nature to mind 
and thus simulate a nature experience. 
 
In-situ walking and visiting studies ranged in times and activities, including:  a 55-minute walk (M. G. 
Berman et al., 2008), visits to National Trust sites (Barton, Hine, & Pretty, 2009), a one-hour guided 
group walk (Roe & Aspinall, 2011), a 40-minute walk or sitting for 40-minutes (Terry Hartig, Mang, & 
Evans, 1991), a 20-minute walk (Faber Taylor & Kuo, 2009), and a 15-minute walk or a 90-minute 
walk (Bratman, Hamilton, Hahn, Daily, & Gross, 2015). 
 
In this thesis, nature exposure is explored in chapter 2 as a sensory pathway for nature benefits, in 
chapter 3 as a possible predictor of conservation concern, in chapter 4 as a possibly moderated 
predictor of nature benefits, and in chapter 5 as a predictor of conservation behavior. 
 
1.4 Nature benefits 
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The benefits of nature are becoming more widely researched.  There are several reviews on the topic, 
which provide a comprehensive look at the literature to date.  Bratman et al. (2012) looked at studies on 
cognitive function and argue that there is a need to categorize nature experiences and that future 
research is needed on mechanisms.  Bowler et al. (2010) conducted a systematic review and concluded 
that a walk or run in nature had positive benefits, although the responses of some measures, such as 
blood pressure and cortisol concentration, were less conclusive.  Keniger et al. (2013) conducted a 
review and found that some benefits, such as the spiritual and social benefits of nature, were neglected 
and that characteristics of the environment contributing to benefits were still generally unknown.  Berto 
(2014) reviewed the benefits of nature for psycho-physiological stress and found that nature has been 
shown to be calming, lowers stress, and provides cognitive recovery.  Bringslimark et al. (2009) looked 
at the benefits of indoor plants and found that while they seem to improve pain management, overall 
results were mixed. 
 
Individually, papers generally focus on one type of benefits, such as mood or cognition, although some 
study both. Papers which look at mood benefits of nature are the most plentiful and are usually 
measured by self-report.  Some examples follow.  Self-esteem and mood were found to increase after a 
park visit (Barton et al., 2009).  Pleasant affect improved more after outdoor than indoor exercise, and 
only the outdoor environment increased enjoyment (Focht, 2009).  Adults improved in mood and self-
reflection on daily tasks after a one-hour guided walk and adults with mental health issues received 
greater benefits than healthy individuals (Roe & Aspinall, 2011).  Thirty minutes of sitting in a park 
increased subjective energy and lowered stress (Kjellgren & Buhrkall, 2010).  Taking a nature walk 
lowered rumination and increased vitality (Bratman, Hamilton, et al., 2015).  Obviously, there are 
many different types of mood outcomes, from rumination to self-reflection to affect and self-esteem. 
 
There are also studies that have explored the cognitive benefits of nature.  One study found that 
students improved in an attention task after being exposed to the outdoors but not when kept in the lab 
(Gatersleben & Andrews, 2013).  Another showed that students improved in a proofreading task only 
in a nature exposure and not in an urban exposure (Terry Hartig et al., 1991).  A third found that 
performance on a number task by children with attention deficit hyperactivity disorder improved in a 
park environment (Faber Taylor & Kuo, 2009).  A study on cognition and mood found that a 50-minute 
walk outdoors improved verbal working memory as well as decreasing anxiety (Bratman, Daily, Levy, 
& Gross, 2015). 
 
 8 
Physiological measures of benefits from nature are the rarest and the least conclusive types of study, as 
evidenced by Bowler et al.’s (2010) review.  However, since the time of this review, this field has 
grown.  A newer review has looked at the psycho-physiological benefits of nature exposure (Berto 
2014), another has looked at physiological benefits using EEGs (Hagerhall et al. 2015), and a third has 
taken a public health view of nature’s physiological benefits (Haluza, Schonbauer, & Cerinka, 2014).  
Each of these studies provides growing support for nature’s efficacy in this regard, though while results 
are generally positive, they tend to be mixed and sample sizes are small.   Many physiology studies 
come from Japan and are investigating the benefits of what is known there as “shinrin-yoku” or “forest-
bathing.”  A review of these studies found that most reported positive findings although some showed 
contradictory or non-significant outcomes (Haluza, Schonbauer, & Cervinka, 2014).  In a repeated-
measures study of 12 subjects each at 24 different forests, it was found that the forest exposure as 
opposed to the urban exposure led to decreased blood pressure and pulse rate, lower cortisol 
concentration, and greater relaxation as measured by nervous system activation (Park, Tsunetsugu, 
Kasetani, Kagawa, & Miyazaki, 2010).  With diabetic individuals, a short and a long forest walk were 
both found to lower blood glucose levels (Ohtsuka, Yabunaka, & Takayama, 1998).  In a 3 day field 
experiment, pulse rate and salivary cortisol both decreased in the forest exposure (J. Lee et al., 2011).  
A study with female subjects found that nature exposure led to increased immune system function (Li 
et al., 2008a). 
 
To my knowledge, no paper has yet looked at how the mood and cognitive benefits of nature are 
delivered (i.e. mechanisms) and there is little literature on what drives the variation in the benefits 
people receive from nature.  I will address this in chapter 2, looking at what benefits from nature are 
delivered via the different senses and through some non-sensory avenues.  I will also look at nature 
benefits in chapter 4, where I will determine whether nature connection is a moderator for the nature 
benefits received. 
 
1.5 Nature connection 
 
E.O. Wilson developed a theory about the human-nature relationship called the “biophilia hypothesis” 
(Kellert & Wilson, 1993a).  It states that humans, over the course of their evolution, have adapted to 
love living things.  He believes we have “an innate human need for contact with a diversity of life 
forms” (Kellert & Wilson, 1993a). This may be true for some people, but there is a wide variety in the 
feelings people have for nature.  They can range from a strong affinity for and seeking out of nature 
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experiences as often as possible to being afraid of or disgusted by interactions with nature (Bixler & 
Floyd, 1997).  For some people, nature is a core part of their identity, while others are far removed 
from it.  The biophilia hypothesis recognizes nine different kinds of attitudes towards nature: utilitarian 
(using nature), naturalistic (enjoying nature for its own sake), ecologistic-scientific (studying nature), 
aesthetic (enjoying nature’s beauty), symbolic (abstract use of nature), humanistic (emotional 
attachment to nature), moralistic (ethical concern for nature), dominionistic (mastery of nature), and 
negativistic (aversion to nature) (Kellert & Wilson, 1993a).  There is a wide variety in this group, from 
loving nature for its beauty (aesthetic) to wanting to use it for one’s own benefit or the benefit of 
humankind (utilitarian).  People’s attitudes towards nature come from a variety of different places, such 
as from parents, teachers, books, playing in wild places while young, and experiencing the destruction 
of natural habitat locally (Chawla, 1999).  Because there are so many ways of relating to nature, it is 
very important to be careful when measuring it, in order to ensure a clear view of how people actually 
feel about nature. 
 
Nature connection is measured in a variety of ways.  The most popular way is using self-reported 
measures, of which there are many.  Some examples are the Connectedness to Nature scale (Mayer & 
Frantz, 2004), the Environmental Identity scale (Clayton & Opotow, 2003), and the Inclusion of Nature 
in Self measure (P. W. Schultz, 2001).  These are all unimodal measures, in that the nature connection 
is considered one unified concept.  A slightly more sophisticated way of measuring nature connection 
is using the Nature Relatedness (NR) scale (Nisbet et al., 2009).   This is a tripartite model, which 
measures nature connection as three different subtypes, along with an average for all.  This measure 
allows for more nuanced measurement of our connection to nature, perhaps contributing more to 
discriminating between the nine different biophilia types.  The three subscales are self, perspective, and 
experience.  Self is commonly described as the emotional component of the scale.  It measures how we 
feel about nature and respond to it on an emotional level.  It asks questions about spirituality and 
feeling part of nature.  Perspective is described as the intellectual measure.  It measures what we think 
of nature and what we know about it.  It asks questions about extinction of species and resource 
management.  It is the closest related measure to conservation concern, as can be seen from the nature 
of the questions (Appendix B; Nisbet et al., 2013).  Finally, experience is the experiential measure of 
nature connection.  It measures how much we enjoy being in nature and asks questions about getting 
dirty and spending time in the wilderness. 
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One problem with measuring connection with nature by self-report like this is that people are 
sometimes unaware of their own attitudes and if asked how they feel about something, will respond one 
way without really being aware of how they really feel (Nisbett & Wilson, 1977a).  There are ways to 
get around this, however, such as by using an Implicit Association Test (IAT; Wittenbrink & Schwartz, 
2007).  Using an IAT allows us to tap into that unaware attitude.  I further describe the IAT in chapters 
4 and 5.  Because of the importance of measuring nature connection to my experiments, I used both 
self-reported (the NR) and implicit tests in this thesis. 
 
The flowchart presented above (Fig. 1.1) hypothesizes that spending time in nature increases 
connection to it, which increases conservation action.  This suggests two causal relationships: (i) that 
spending time in nature leads us to connect more to it, and (ii) that connecting more with nature leads 
us to behave more altruistically towards it.  There is some evidence for the second pathway, but little 
for the first.  I will look into the first relationship, how time in nature affects nature connection, in 
chapter 3, and I will look at the second relationship, how nature connection affects conservation 
behavior, in chapter 5. 
 
1.6 Conservation behavior/concern 
 
While some environmentally degrading activities such as fossil fuel burning, population growth, and 
the use of plastics, are at an all-time high, environmentalist feeling is also high, somewhat 
inconsistently with the view that declining nature experience reduces environmental concern.  Concern 
for the environment is quite widespread in our society (Van Liere & Dunlap, 1980), with the number of 
people expressing concern increasing over time (Dunlap, Gallup, & Gallup, 1993).  By the late 1980’s, 
the majority of Americans identified themselves as “environmentalists” (Gallup, 1989).  Some believe 
that “the general public in Western countries has developed a new biophilia, characterized by an almost 
universal acknowledgement of the intrinsic value of nature” (Van den Born, Lenders, De Groot, & 
Huijsman, 2001).  While feeling is high, conservation behavior is lagging behind, leading to much 
research on how to motivate such action (Kollmuss & Agyeman, 2002). 
 
Conservation behavior is therefore a widely studied topic, and there is a range of opinions about it.  
One thing that people agree about is that conservation concern does not always translate into 
conservation action (Kollmuss & Agyeman, 2002).  There seems to be a “gap.”   Additionally, much 
behavior change is short term, and does not necessarily translate into behavior over the long term (De 
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Young, 1993).  Recent work has differentiated concerns leading to environmental caring into egoistic 
(concern for self), social-altruistic (concern for others), and biospheric (concern for non-human living 
things; P. Schultz et al., 2005).  With regards to knowledge, knowledge related to concrete action and 
the effectiveness of such action seems to affect behavior much more than systems knowledge about 
how things work in an abstract way (Frick, Kaiser, & Wilson, 2004).  Additionally, what one believes 
about what most other people are doing strongly influences conservation action such that people imitate 
what they think others are doing (Gockertiz et al., 2010).  Newer research has shown that action is 
affected by emotional attachments to and identification with a certain place in nature or with nature in 
general (Golsing & William, 2010).  Therefore, we can conclude that concern does not always translate 
into behavior, and that certain types of concern and certain types of knowledge seem more important in 
influencing it than others. 
 
There is also a wide range of considerations about what can be included as conservation behavior.  
Because of the nature of these types of studies, it is much easier to obtain self-reports of behavior.  
However, it must be kept in mind that one study found that self-reported rates of recycling did not 
reflect true rates of recycling (Corrai-Verdugo, 1997), so there are limitations to this type of 
measurement.  Nisbet et al. (2009), in their study on nature relatedness, used the following behaviors in 
her survey: vegetarianism, pet ownership, purchasing organic and fair trade goods, membership in an 
environmental organization, and self-definition as an environmentalist.  This is quite a small sample of 
behaviors, and therefore limited, but it gives a general idea.  A larger scale, designed specifically to 
measure conservation behavior, is the Ecology Scale, which divides behavior into the following 
categories: transportation, monetary donations, consumer purchase, pollution, political activism, and 
general awareness (Maloney, Ward, & Braucht, 1975).  Kals et al. (1999) take a different approach, and 
divide behaviors by how open they are to the public, as follows: willingness to commit one’s self 
privately, personal behavioral decisions, willingness to sign public petitions, willingness to show public 
commitments in groups, and behavioral decisions in public or in groups. Markle (2013) came up with 
the Pro-Environmental Behavior Scale, which divides behavior into: conservation, environmental 
citizenship, food, and transportation. 
 
I address conservation concern in chapter 3, to see how it relates to nature dose, and look at 
conservation behavior in chapter 5 as a dependent variable in aiming to answer the question, what leads 
to it? 
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1.7 Gaps in the literature 
 
The foregoing review reveals a number of important gaps in the literature: 
(i) Few to no studies in South America and Africa 
(ii) Few studies on spiritual benefits 
(iii) No evidence on how benefits are delivered (mechanisms) 
(iv) Assumptions about the extinction of experience 
(v) No conclusive data on why there is a variation in the benefits received 
(vi) Conflicting/inconclusive evidence about what drives conservation concern 
(vii) Lack of data on long-term benefits 
 
The gaps I will address in this thesis include (iii) how benefits are delivered (chapter 2), (iv) 
assumptions about how the extinction of experience affects conservation concern (chapter 3), (v) why 
there is variation in benefits delivered (chapter 4), and (vi) evidence about what drives conservation 
concern (chapter 5). 
 
1.8 Chapters 
 
More specifically, the chapters will address the key components of the relationships outlined in Fig. 
1.1. 
 
Chapter 2 aims to fill the gap in the literature about pathways of nature benefits by reviewing the 
nature benefits we receive through sensory and non-sensory avenues, broadening the range from the 
focus on visual exposure to nature benefits. 
 
Chapter 3 explores the concept of the extinction of experience, to determine if reduced nature 
experience does indeed lead to reduced conservation concern.  That is, does spending less time in 
nature make us care about it less? 
 
Chapter 4 aims to determine what drives the variation in how much nature benefit people receive.  It 
asks the question of whether nature connection moderates this relationship.  I aim to find out if people 
who care more about nature receive more benefits from it. 
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Finally, chapter 5 aims to contribute to the literature about what drives conservation behavior.  I look 
at nature dose and nature connection as possible drivers.  I especially aim to see if implicit (the 
computerized word association test) or explicit (the self-reported measures) nature connection best 
predicts conservation behavior. 
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Chapter 2. A review of the benefits of nature experiences: More than meets the eye 
 
2.1 Abstract 
 
Evidence that experiences of nature can benefit people has accumulated rapidly. Yet perhaps because 
of the domination of the visual sense in humans, most research has focused on the visual aspects of 
nature experiences.  However, humans are multisensory, and it seems likely that many benefits are 
delivered through the non-visual senses and these are potentially avenues through which a 
physiological mechanism could occur.  Here I review the evidence around these lesser-studied sensory 
pathways – through sound, smell, taste, touch, and three non-sensory pathways.  Natural sounds and 
smells underpin experiences of nature for many people, and this may well be rooted in evolutionary 
psychology. Tactile experiences of nature, particularly beyond animal petting, are understudied yet 
potentially fundamentally important. Tastes of nature, through growing and consuming natural foods, 
have been linked with a range of health and wellbeing benefits. Beyond the five senses, evidence is 
emerging for other non-visual pathways for nature therapy to be effective. These include ingestion or 
inhalation of phytoncides, negative air ions and microbes. I conclude that (i) these non-visual avenues 
are potentially important for delivering benefits from nature experiences, (ii) the evidence base is 
relatively weak and often based on correlational studies, and (iii) deeper exploration of these sensory 
and non-sensory avenues is needed. 
 
2.2 Introduction 
 
Experiences of nature provide people with multiple benefits to health and wellbeing, yet the 
mechanisms by which these benefits are delivered are not well understood (T Hartig, Mitchell, de 
Vries, & Frumkin, 2014; Shanahan, Fuller, Bush, Lin, & Gaston, 2015).  Interest in nature as a 
therapeutic resource has ancient foundations.  Hippocrates extolled the necessity of “airs, waters, and 
places,” for physical and mental wellbeing (Burford, 1969), and writings from classical Rome suggest 
the health benefits of countryside and greenspaces (Thompson, 2011).  Gardens were prescribed for 
monasteries in the 1200’s “not only for food, but also for recreation in the open air to aid the recovery 
of the sick and to preserve health and improve those fatigued by their spiritual studies” (Bonaventura in 
Montford, 2004).  In 1839, the Annual Report of the British Registrar General opined that, “a park in 
[the] East End would diminish annual deaths by thousands and add several years to the lives of the 
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entire population” (Thompson, 2011).  Overexposure to manmade environments was believed to cause 
“excessive nervous tension, over-anxiety, hasteful disposition, impatience and irritability” (Olmstead, 
1886).  An early American illness known as neurasthenia with symptoms of depression, anxiety, 
insomnia, and migraines, was often cured with nature therapy, known as the “west cure,” where men 
(including prominent figures such as poet Walt Whitman, painter Thomas Eakins, novelist Own Wister, 
and US President Theodore Roosevelt) were sent west to ranches to work roping horses on the range 
(Stiles, 2012).  The cure they suggested was simple: experiences of pleasant rural scenery. This idea 
has spawned an enormous volume of research on the visual appeal and restorative potential of natural 
landscapes (Bowler et al., 2010; Gill, 2014; Pearson & Craig, 2014).  However, emphasis is repeatedly 
placed on experiences of pleasant rural scenery.  Perhaps as a result of vision being the dominant 
human sense, research has focused heavily on the visual benefits of nature experiences potentially at 
the expense of understanding the non-visual senses, and other pathways such as airborne volatile 
chemicals and the ingestion of microbiota.  Emerging evidence is pointing to the existence of a broad 
range of sensory and non-sensory pathways for the benefits of nature experiences.  While there is much 
literature on exposure to nature in-vivo, thus providing an overview of the mutli-sensory benefits of 
nature, whenever this experience is broken down into parts, the primary focus is on the visual.  The 
research base isolating sensory experiences of nature beyond vision is sparse.  In this paper, I review 
the state of this evidence so far, and identify some important gaps in our understanding of how nature 
experiences benefit human health and wellbeing. 
 
The multi-sensory aspect of nature experiences is crucial because monotony of stimulation can be a 
source of stress (Stuster, 2011) and multimodal sensory input itself can drive positive mental states 
such as tranquility (Hunter et al., 2010).  Indeed, it has been shown that stimulating multiple senses at 
the same time may possibly lead to additive beneficial effects of nature experiences (Dijk & Weffers, 
2010).  For example, one study found that while a virtual nature environment was able to reduce stress 
in participants, these participants also felt negatively towards the virtual environment, and expressed a 
sense of missing the full sensory experience of real nature (Kjellgren & Buhrkall, 2010).  This example 
highlights the possible shortcomings of assuming visual delivery is the dominant pathway through 
which nature benefits are delivered. 
 
In this paper, I review the ways in which we experience nature through each of our senses and through 
several non-sensory pathways.  Most of the literature I review focuses on the passive reception of 
benefits, but it should be recognized that there may be benefits derived from a more active engagement 
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with the environment.  More specifically, there may be a difference between passive sensation (in the 
sense of walking in and looking at), and the next step after it of processing to perception (as in judging, 
responding to, remembering, etc…). 
 
2.3 Methods 
 
This paper is intended to be a narrative review of disparate literature designed to provide a reference 
for wider reading rather than to provide a systematic review of the evidence.  As such, no systematic 
search or synthesis has been attempted and instead, a number of search terms were used and anything 
considered relevant to senses and nature benefits was included.  Multiple study designs were included, 
as well as research on animals in addition to humans.  Some search term examples, for sound, included 
“sound,” “noise,” “nature benefit,” “wellness,” “health,” “wellbeing,” with similar searches for the 
other senses.  When relevant articles were found, a snowballing method was utilized, searching their 
references for further relevant articles.  In some instances where very few results were found, I 
included preference studies as well as correlational studies where the effects of possible confounding 
variables could not be assessed. 
 
I define nature in a broad sense as “the phenomena of the physical world collectively, including plants, 
animals, the landscape, and other features and products of the earth, as opposed to humans or human 
creations” (English Oxford Living Dictionaries, 2017).  I consider nature to include phenomena as 
varied as landscapes, microorganisms, and pets, and I also include nature simulations.  I consider health 
as “the state of being free from illness or injury,” and as a statement about one’s mental or physical 
condition (English Oxford Living Dictionaries, 2017).  Finally, I define wellbeing as “the state of being 
comfortable, healthy, or happy” (English Oxford Living Dictionaries, 2017), and including self-
acceptance, personal growth, purpose in life, environmental mastery, autonomy, and positive relations 
with others (Ryff, 1995).  It further includes the important domains of mental wellbeing, social 
wellbeing, physical wellbeing, spiritual wellbeing, activities and functioning, and personal 
circumstances (Linton, Dieppe, & Medina-Lara, 2016).  Therefore wellbeing is a very broad category 
encompassing concepts as varied as “freedom from noise” and “memory recall.” 
 
Senses can be thought about in two broad ways: as passive reception and as active searching.  My 
paper has not differentiated between the two, but focuses more on the passive sense (in the sense of 
walking in or looking at nature, but not actively interacting with it) as there seems to be more literature 
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here.  It would also be possible to look at perception (that is a further step away from sensing and 
includes some processing).  Much of the literature does not seem to make these distinctions and this 
may be an area of possible future research. 
 
2.4 Sight  
 
Viewing nature has been repeatedly demonstrated to provide a range of benefits for human health and 
wellbeing (Velarde, Fry, & Tveit, 2007).  Benefits include reduced anxiety (R. Ulrich, 1979), reduced 
stress (Moore, 1981), shorter hospital stays (R. Ulrich, 1984), lower heart rate (K Laumann, Garling, & 
Stormark, 2001), and increased directed attention (Tennessen & Cimprich, 1995).  The duration of 
these benefits has not been investigated and is an avenue of possible future research.  Hospital patients 
recovering from surgery showed greater positive affect, received fewer negative notes from nurses 
(where nurses record the patient’s mood and attitude) and spent less time in hospital if their room 
overlooked trees instead of a brick wall (R. Ulrich, 1984).  In another study, pictures of art depicting 
nature (trees, greenery, flowers, and water) were rated positively by hospital patients, while abstract art 
increased anxiety, suggesting that nature content, itself, was important (R. Ulrich, 2002). 
 
It remains unclear precisely which elements of a view of nature are beneficial, hampering the design of 
natural therapy interventions or of urban greenspaces themselves.  Three quarters of studies only make 
a coarse division between “urban” and “nature” when studying the beneficial effects of nature views 
(Velarde et al., 2007), and so we remain unsure which visual elements of landscapes are responsible for 
the benefits.  It may be that only a combination of elements in a coherent scene confers benefits, or it 
may be that individual elements alone are sufficient.  For example, the colours of nature could be 
important.  Blues and greens, which predominate in nature scenes are low-arousal, low-anxiety, and 
highly preferred colours (Guilford & Smith, 1959; Jacobs & Suess, 1975; Valdez & Mehrabian, 1994), 
while the gray colours of urban scenes seem to result in feelings of aggression (Frank & Gilovich, 
1988) and dominance (Valdez & Mehrabian, 1994).   
 
There are other possible visual cues that could make nature environments restorative: the lack of 
straight lines, the shape of the vegetation, and visual variety in the scenery.  A study by Berman et al. 
(2014) found that naturalness was associated with density of contrast changes, density of straight lines, 
average color saturation, and average hue diversity.  Another study found that curves and hue diversity 
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had effects on preference (Kardan et al., 2015).  Fractals, which are found in many natural images, may 
also have some role in aesthetic preference (Aks & Sprott, 1996). 
 
While there is plentiful literature showing the health and wellbeing benefits of visual nature, it remains 
uncertain which elements of this visual experience contribute to the benefits.  In a review of 
comparisons between moderately realistic computer animations and the corresponding real 
environments it was suggested that the former do not generate the same self-reported cognitive and 
affective responses as the latter (Bishop & Rohrmann, 2003), implying that while the visual aspect of 
the environment does drive some benefits, it is far from the only likely mechanism.  
 
2.5 Sound 
 
Based on the number and relevance of literature found, hearing appears to be the second most-studied 
of the human senses.  Hearing is the perception of acoustic waves that provide us with information 
about the environment.  Our auditory systems are evolved to be most sensitive to sounds that are most 
important to our survival and reproduction (Faure & Hoy, 2000).  Natural sounds, usually considered 
the most complex and informational of sound types, can provide information on species, season, and 
temporality (Pijanowski, Farina, Gage, Dumyahn, & Krause, 2011), and it is likely that we are attuned 
to such cues.  Indeed a component of attention restoration theory is that restorative environments 
provide us with information (Kaplan, 1995), and it thus seems plausible that the rich information 
content of nature sounds contributes to the restorativeness of natural landscapes.  Sounds are also a 
component of place attachment (Schafer, 1994) and are felt as a link to the environment (O'Connor, 
2008; Schafer, 1994; Torigoe, 2003), both of which could be associated with positive feelings about 
one’s environment (Halfpenny, 2010). 
 
It has repeatedly been shown that the sounds of nature such as wind, water, and animals, are preferred 
over anthropogenic sounds such as traffic, recreational noise, and industrial noise (Carles, Lopez 
Barrio, & de Lucio, 1999; Fisher, 1999; K. Irvine et al., 2009; Pilcher, Newman, & Manning, 2009; 
Yang & Kang, 2005; M. Zhang & Kang, 2007).  With respect to perceived restorativeness, rural 
soundscapes and botanical gardens were preferred over urban park soundscapes, which were preferred 
over urban soundscapes (Payne, 2013).  Preferred environments have been found to be correlated with 
restorative potential (Purcell, Peron, & Berto, 2001; van den Berg, Koole, & van der Wulp, 2003), so 
the existence of positive preferences for nature sounds implies, though does not demonstrate, that they 
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might themselves be restorative.  Indeed, bird sounds have been found to increase recovery of skin 
conductance level, a measure of stress (Alvarsson, Wien, & Nilsson, 2010), and visitors to a local river 
cited the sound of water as a reason to visit a local river for its relaxing effects (Bird, 2007). 
 
Nature sounds have been used therapeutically to relieve stress (Alvarsson et al., 2010; Arai et al., 2008; 
Diette, Lechtzin, Haponik, Devrotes, & Rubin, 2003), and perceived restoration and attention recovery 
have shown positive reactions to birdsong (Ratcliffe, Gatersleben, & Sowden, 2013).  A virtual reality 
forest including sound was found to improve stress recovery more than the same forest without sound, 
implying that the sympathetic nervous system shows increased recovery with nature sounds 
(Annerstedt et al., 2013).  A zoo exhibit including rainforest sounds was rated as more pleasant than the 
same exhibit without sounds(Ogden, Lindburg, & Maple, 1993), and  natural sounds have also been 
found to decrease self-reported anxiety and agitation (Aghaie et al., 2014). 
 
Images of cities receive higher ratings of perceived pleasure when paired with nature sounds, especially 
water, while urban sounds were found to decrease the ratings of natural images (Carles et al., 1999).  
Ratings were especially high for nature image and sound combinations, as “apparently sounds provide 
a specific kind of information over and above the visual which helps enhance and emphasize the 
different components of the environment” (Carles et al., 1999).  Sound combined with 3D images 
increased realism and preference ratings when it was congruent (Lindquist, Lange, & Kang, 2016).  
Appraisals of places depend on the sounds heard there (L. Anderson, Mulligan, Goodman, & Regan, 
1983; Lopez Barrio & Carles, 1995), highlighting the importance of sound.  Sounds have been found to 
affect the perceived realism of simulated environments (Rohrmann & Bishop, 2002), as well as their 
perceived naturalness, solitude, and freedom (Benfield, Bell, Troup, & Soderstrom, 2010; Mace, Bell, 
& Loomis, 1999; Mace, Bell, Loomis, & Haas, 2003; Pilcher et al., 2009).  At low levels, nature 
sounds were found to decrease perceived crowding and increase interpersonal encounter tolerance (S.-
O. Kim & Shelby, 2011), while fountain and bird sounds were found to decrease perceived loudness of 
traffic and enhance soundscape pleasantness and eventfulness (De Coensel, Vanwetswinkel, & 
Botteldooren, 2011).  Indeed, the absence of human-made sounds allowing for the perception of nature 
sounds is considered to be very pleasurable (Fisher, 1998). 
 
2.5.1 When sound becomes noise 
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Noise pollution has become an increasing public complaint in the last decade (1996), and some 80 
million Europeans live with unacceptable high urban noise levels (European Commission, 1996).  
Chronic noise contributes to stress, annoyance, cardiovascular problems, sleep disturbance, and 
decreased task performance (Bronzaft, Ahern, McGinn, O'Connor, & B, 1998; Evans, Hygge, & 
Bullinger, 1995; Stansfeld & Matheson, 2003).  It has both psychological and physical effects ranging 
from elevated blood pressure, poor sustained attention, and memory problems to sleep disturbances, 
increased risk of myocardial infarction, annoyance, and learned helplessness (Babisch, Beule, Schust, 
Kersten, & Ising, 2005; Bluhm, Berglind, Nordling, & Rosenlund, 2007; Gramann, 1999; Ohrstrom, 
2004; Stansfeld et al., 2005; Staples, 1996; World Health Organization, 2000).  These effects can occur 
below our level of awareness (Mace, Bell, & Loomis, 2004). 
 
Since noise negatively affects our health and wellbeing, the respite from it found in nature is potentially 
an important benefit.  Seeking freedom from noise is likely to be a driver for many to seek out natural 
soundscapes and recreational nature experiences (Gidlof-Gunnarsson & Ohstrom, 2007). “Natural 
quiet,” that is natural sounds without anthropogenic noise, is considered by the US Congress and 
National Park Service as an important resource to be protected(National Park Service, 2006; 1987, 
2000).  Vegetation itself has a significant dampening effect on noise, and this is a well reviewed 
ecosystem service (Bolund & Hunhammar, 1999). 
 
Quiet and natural sounds increase the quality of visitors’ experience in parks (Gramann, 1999), and 
escaping noise to enjoy natural sounds is an important reason for visiting parks (Driver, Tinsely, & 
Manfredo, 1991).  Supporting this, 91% of Americans cite enjoyment of quiet and natural sounds as a 
reason to visit national parks (McDonald, Baumgartner, & Iachan, 1995), and 72% believe that a 
reason to protect national parks is to preserve the natural quiet and nature sounds (Haas & Wakefield, 
1998), suggesting they consider them to be of some benefit.  Sounds considered most pleasing include 
water, wind, birdsong, and bird chatter (Pilcher et al., 2009), and these sounds were found to be 
pleasing to campers and mountaineers (Kariel, 1990).  Visitors to natural parks are sensitive even to 
low levels of anthropogenic noise, which significantly detracts from their enjoyment (Mace et al., 
2004). 
 
2.5.2 Warnings in silence 
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If quiet is so important, why is silence in an urban environment not a good thing the same way it is in a 
natural environment? While “peace and quiet,” as described in the previous section, is frequently 
sought out by humans looking for restoration, auditory deprivation in a laboratory setting increases 
anxiety (Peretti & Swenson, 1974), and total silence in a natural environment might well have negative 
connotations.  In the earlier example of a virtual reality forest which, with sound was found to increase 
stress recovery, the same forest without sound was found to induce apprehension and a fear of threat 
(Annerstedt et al., 2013).  This may be because silence in nature can indicate predator presence or 
depauperate biodiversity.  Indeed, participants in the Annerstedt et al. (2013) study indicated that they 
felt a predator was about to reveal itself in the silent virtual forest. 
 
It is possible that over the course of our evolution, we came to identify silence with the response of 
most animals to a predator’s presence.  It has been suggested that humans evolved humming as a way 
to signal safety during quiet times so there would be no silence (Jordania, 2010).  Other animals 
perceive and use silence as a danger warning.  Insects, for example, become silent when they detect a 
predator (Spangler, 1984), as do tungara frogs, Engystomops pustulosus, which use the silence of 
neighbours as an alarm cue to silence their own singing (Dapper, Baugh, & Ryan, 2011).  In fact, 
animals frequently detect predators “vicariously” through the alarm response of others (Seyfarth, 
Cheney, & Marier, 1980; Sherman, 1977; Templeton, Greene, & Davis, 2005), remaining in “adaptive 
silence” (Curio, 1976).   
 
Together this suggests that to animals (including humans), a silent landscape would generally prove 
disturbing or unnerving (Carles et al., 1999).  In the urban environment, we are often faced either with 
situations that have an overabundance of anthrophony (human-generated noise), or an absence of any 
noise at all (e.g. a deserted alleyway late at night).  Both situations are devoid of the reassuring animal 
noises that can be identified with a safe (i.e. predator-free) and abundant (prey-full) environment.  
Therefore, in addition to nature sounds providing the positive benefits described above, a lack of nature 
sounds could contribute to negative outcomes such as apprehension and anxiety. 
 
2.6 Smell 
 
Smell is one of our weakest senses, yet the world around us emits all kinds of smells. Smells are 
everywhere, and this is true of both urban and natural environments.  The main difference between 
these two environments is the abundance of anthropogenic smells in urban environments, and the lack 
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of them in natural environments.  Nature abounds in smells from flowers, trees, shrubs, grasses, 
animals, rotting matter, and insects.  How these smells affect our health and wellbeing is an interesting, 
but relatively poorly studied question. 
 
Smell can have profound effects on our mood, behavior, and cognition.  Many natural odors are 
commonly found to be pleasant.  For example, thoughts about the odors of flowers, cut grass, and damp 
earth, might evoke feelings of pleasure.  However, there are also odors associated with information, 
such as the distaste we feel at the odor of rotting meat signaling its unpalatability.  Some of the benefits 
of natural odors are the pleasant affective states they induce, as well as the warnings they have about 
potential toxicity.  The odors of summer air (leaf alcohol) and bees wax have been shown 
experimentally to be associated with the emotion of happiness in participants (Glass, Lingg, & 
Heuberger, 2014), and in an experiment in a fragrant garden, “natural odors derived from blooming 
plants increased calmness, alertness, and mood” (Weber & Heuberger, 2008).  The natural odors of 
lavender and spiced apple have been shown to alter brain activity, and thus affect cognition as 
measured by EEG beta and theta waves, which show changes similar to those seen during cognitive 
tasks involving internal verbalization (Lorig, Herman, Schwartz, & Cain, 1990).   Our preferences for 
odors seem to be associated with the value we place on the objects associated with that odor (Schloss, 
Goldberger, Palmer, & Levitan, 2015), so smells that remind us of the outdoors can trigger any of the 
positive feelings we have about nature.  Nature smells can thus function as a kind of trigger or symbol 
for nature in general and might deliver nature benefits by proxy.  So while nature smells can have 
direct nature benefits, they can also have indirect nature benefits. 
 
As in the case of rotten meat and the disgust response to the smell, smells can provide us with useful 
information about the environment, or specific resources or organisms within it.  In a study on humans, 
it was found that men and women could identify whether individuals were happy or fearful based on 
odor pads used to collect their sweat (Chen & Haviland-Jones, 2000).  Natural odors from plants and 
animals such as floral fragrance and musk, are indicative of metabolism and physiological function 
(Davidson, 1938), so smells can tell us about the state of possible food. 
 
One of the ways olfactory molecules can affect us is the link between the sense of smell and the limbic 
(emotional) system (Kay & Freeman, 1998; Zald & Pardo, 2000).  Emotions and odors are connected 
(Herz & Cupchik, 1995; Kohler, Barrett, Gur, Turetsky, & Moberg, 2007; Soudry, Lemogne, 
Malinvaud, Consoli, & Bonfils, 2011), and olfactory disorders can manifest as depressive episodes 
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(Soudry et al., 2011).  In fact, the olfactory system is connected to our emotions (limbic system), 
hunger (hypothalamus), and memories (hippocampus) (Horowitz, 2011; Price, 1985), affecting mood 
(Chen & Haviland-Jones, 1999; Goel & Grasso, 2004; Lehrner, Eckersberger, Walla, Potsch, & 
Deecke, 2000), cognition (Hermans, Baeyens, & Eelen, 1998; Lorig et al., 1990), and behavior (Doty, 
1986; Millot & Brand, 2001).   This suggests a clear potential avenue through which nature benefits 
could be received via smell, yet there are very few studies on the role of smell in delivering health and 
wellbeing benefits of nature experiences. 
 
Given the paucity of work on the link between smell and benefits from nature experiences, some results 
from studies not directly focused on natural smells suggests some intriguing possibilities.  In a study on 
attraction and social perception, it was found that perfume (a pleasant scent) had an effect on perceived 
attractiveness and perception of the user’s traits (Baron, 1981).  It has also been found that odors can 
cause a change in a person’s liking rating of a face in a photograph (Todrank, Byrnes, Wrzesniewski, & 
Rozin, 1995).  Helping behaviors (such as picking up a dropped pen) increase during exposure to 
pleasant odors such as cookies or coffee, as does positive mood, which may have a mediating effect 
(Baron, 1997).  Individuals exposed to a floral and a lemon fragrance performed better on an anagram 
word task, as well as being more willing to volunteer for a task afterwards (Baron & Thomsley, 1994).  
Because these effects also occurred when a small gift was given, it is theorized that these effects, too, 
are mediated by positive affect.   
 
Exposure to both muguet (a relaxing fragrance) and peppermint (an alerting fragrance) increased signal 
detection by participants in a 40 minute visual sustained attention task, indicating enhanced vigilance 
performance (Warm, Dember, & Parasuraman, 1991).  In the context of learning, it has been found that 
subjects exposed to the odors of jasmine or perfume while learning recalled a list of words better when 
they were exposed to the same scent from when they learned the words with the first time, indicating 
odor as a possible memory eliciter (Smith, Standing, & De Man, 1992). 
 
These results from some artificial and nature-mimicking odors implies that there are wellbeing benefits 
from smell, and this area of nature experiences seems likely to repay further investigation. 
 
2.6.1 Essential Oils 
 
 24 
Plant essential oils have long been thought to have physiological and psychological effects according to 
folk belief (Lehrner et al., 2000), and fragrances have been used for their effects on health and mood 
(Diego et al., 1998). Essential oils are typically obtained by distillation from plant material and have 
the characteristic odor of the original tissue.  There is much anecdotal evidence that aroma molecules 
affect human behavior and physiology, as well as memory activation and mood (Buchbauer, Jirovetz, 
Jager, Plank, & Dietrich, 1993; Lindsley & Holmes, 1984), yet experimental evidence is sparse and 
often equivocal.  Essential oils have been shown to decrease depression, anxiety, stress, and blood 
pressure (Haze, Sakai, & Gozu, 2002; Heuberger, Hongratanaworakit, Bohm, Weber, & Buchbauer, 
2001; Kawakami et al., 2004), and different oils have been found to have different effects (Sanderson 
& Ruddle, 1992; Valnet, 1986).  It remains unknown whether the effects of documented and/or claimed 
for essential oils also occur in situ in places where the sources of the essential oils occur in natural 
environments.   
 
In humans, a review found that there is some support for using sensory interventions, including 
aromatherapy, in the treatment of the behavioral symptoms of elderly dementia (Conn & Seiltz, 2010), 
and another review found some evidence that aromatherapy lowered blood pressure in patients with 
hypertension, but suggested there was a need for more studies with adequate controls (Hur, Lee, Kim, 
& Ernst, 2012).   
 
Reviews of the effects of essential oils suggest the evidence so far remains contradictory.  For example, 
Cavanagh and Wilkinson (2002) concluded that there is clinical and scientific evidence supporting the 
use of lavender oil for traditional uses such as calming and anti-depressant effects, despite 
methodological and oil identification issues.  However, another review on aromatherapy concluded that 
it only had mild anti-anxiety properties, with no other effects supported by clinical trials (Cooke & 
Edzard, 2000).  A study on aromatherapy use by nurses found that there was not enough empirical 
evidence (other than for enhancing relaxation) to support the use of aromatherapy (Maddocks-Jennings 
& WIlkinson, 2004).  However, a review on studies on older patients with dementia found that 
essential oils did have an effect on cognitive function and independence of daily activities (Fung, 
Tsang, & Chung, 2012).  It has also been found that essential oils have pro-oxidant effects at the 
cellular level, with anti-mutagenic effects, and thus presumably anti-carcinogenic effects as well 
(Bakkali, Averbeck, Averbeck, & Idaomar, 2008).  It is quite well established that some essential oils 
have antimicrobial effects, but this is usually tested with topical application, rather than through the 
volatile element (Hammer, Carson, & Riley, 1999).  It makes sense that essential oils would have 
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biological effects, as they are produced by plants to protect against herbivores and pathogens and to 
attract pollinators (Werker, 1993), however, evidence seems to be predominantly anecdotal rather than 
evidence-based.  Further experiments on clinical benefits are needed, and the controlled nature of 
studies thus far precludes understanding of whether such benefits can be experienced in everyday life.  
Nonetheless, the findings indicate an avenue for future research which could make unique contributions 
to the literature. 
 
2.7 Taste 
 
Taste is a very specific and close-range sense that tells us about what we put in our mouths.  As such, it 
is mostly applicable to food, which is, of course, crucial to our survival.  Therefore, taste is a very 
fundamental sense that has implications for our overt health and ties us inextricably to nature.  Since 
taste is mostly about food, other factors that surround food, such as methods of food production, have 
important implications for our wellbeing.  Food comes from nature, from local or international farms, 
and as such, can represent a link to nature even when we don’t directly experience it.  It is something 
we can’t avoid, a constant reminder of our natural roots; no matter how much we urbanize, we always 
have to import food from nature. 
 
2.7.1 Enjoyment of flavours 
 
One way that the sense of taste can contribute to the benefits we receive from nature is through our 
enjoyment of the flavours in natural foods.  Infants were found to respond positively to sugar solutions 
and negatively to salty and sour flavours (Crook, 1978; Fox & Davidson, 1986), showing that an 
emotional response to flavours is present from birth.  Links have been found between our emotions and 
our neuronal responses to the taste (and smell) of food, and there are regulatory mechanisms that 
produce feelings of satiety and control our intake of food (Rolls, 2008; Yamamoto, 2008).  This is 
important because it regulates our nutrition intake and is thus an important benefit of the natural 
property of foods.  In fact, “taste is unique among sensory systems in its innate association with 
mechanisms of reward and aversion” (Yamamoto, 2008).  Specifically, sweet flavours are rewarding, 
while bitter flavours are aversive (Yamamoto, 2008).  This is important as it tells us what is safe to eat, 
as many bitter flavours are indicative of the toxic properties which many plants and insects use to deter 
attack (Ames, Profet, & Gold, 1990; Bate-Smith, 1972; Brieskorn, 1990; Garcia & Hankins, 1975; 
Wooding et al., 2010).  Carnivores are more sensitive to bitter tastes than herbivores and are also less 
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tolerant of the related toxins in plants (Glendinning, 1994).  Therefore one of the benefits of taste is in 
telling us what foods are healthy and which are toxic. 
 
A study looking at emotional responses to food found that the most common emotions experienced 
were satisfaction, enjoyment, and desire, while sadness, anger, and jealousy were experienced the least 
often (Desmet & Schifferstein, 2008).  Therefore, taste appears to improve positive affect.  It is 
believed that eating may reduce anxiety (Canetti, Bachar, & Berry, 2002), and this could be a nature 
benefit of what was once completely natural foods (although now there is “processed” food, most 
studies use natural foods).   
 
2.7.2 More natural food 
 
Organic food has become the “more natural” alternative for consumers.  For instance, among the 
reasons for purchasing organic foods, consumers cited “sensory and emotional appeal” as the second 
most important one, and indicated that more natural foods are perceived as tasting and smelling better, 
as well as making the consumer feel better when eaten, invoking feelings of comfort, safety, and 
tradition (Lockie, Lyons, Lawrence, & Grice, 2004).  Other studies and a review (Hughner, McDonagh, 
Prothero, Schultz, & Stanton, 2007) have also highlighted the importance of better taste in organic food 
selection (Hjelmar, 2011; Institute of Food Science and Technology, 2001; Lea & Worsley, 2005; 
Magnusson, Arvola, Hursti, Aberg, & Sjoden, 2001; McEachern & McClean, 2002; Ridley, 1990; 
Roddy, Cowan, & Hutchinson, 1996a, 1996b; Schifferstein & Oude Ophuis, 1998).  In a sensory 
analysis using trained panelists, one study found that organic orange juice, though not organic milk, 
tastes better than conventional orange juice (Fillion & Arazi, 2002).  One theory suggests that the 
improved taste could be due to the use of lower yield varieties by organic producers, which tend to 
taste better (Davies, Titterington, & Cochrane, 1995).  Organic foods are also preferred for a perceived 
higher nutritional quality and greater health benefits (Baker, Thompson, Engelken, & Huntley, 2004; 
Yiridoe, Bonti-Ankomah, & Martin, 2005; Zanoli & Naspetti, 2002), so contributions to health would 
be another nature benefit of natural foods.  Indeed, a Norwegian study, while correlational, found that 
those eating a diet high in processed foods had a higher level of anxiety, while those eating a diet with 
more natural foods had a lower incidence of depression (Jacka, Mykletun, Berk, Bjelland, & Tell, 
2011).   
Among schizophrenics, it was found that fewer males were consuming acceptable levels of fruit and 
vegetables (McCreadie, 2003).  A link has been theorized in arctic people between a change in diet 
 27 
from traditional (more natural) foods to a Western diet (more processed foods) and a decline in mental 
health (McGrath-Hanna, Greene, Tavernier, & Bult-Ito, 2003), implying that more natural and 
traditional foods are better for mental wellbeing.  Natural, unprocessed foods are also better for us 
physically.  “Chronic illnesses and health problems either wholly or partially attributable to [a modern 
diet] represent by far the most serious threat to public health” (Cordain et al., 2005).  Fruits and 
vegetables have high nutritional content, and there is a movement in South Korea to maintain aspects 
of the traditional diet considered to be healthy, such as high vegetable intake (M.-J. Lee, Popkin, & 
Kim, 2002).  The traditional Okinawan diet is well-recognized for its healthy properties, and is a much 
higher in fruits and vegetables than the modern Western diet (Willcox, Willcox, Todoriki, & Suzuki, 
2009).  There is concern that our modern diet which depends on agricultural and processed foods is not 
in line with our biologically adapted diet and that this may be causing many of the new chronic 
illnesses that are associated with Western civilization (Boaz, 2002; Cordain et al., 2005; Eaton, Konner, 
& Shostak, 1988; Eaton & Konnor, 1985; Nesse & Williams, 1994). 
 
2.7.3 Growing your own food 
 
Growing your own food means understanding seasonality and having the experience of gardening, both 
of which are strong nature experiences.  A study by Church et al. (2015) showed that those who grow 
their own food are happier than those who do not, accounting for a large number of possible socio-
economic confounding variables, but not demonstrating a causal effect.  Food growing has been linked 
with a variety of benefits, including self-fulfillment, identity affirmation, self-help, and mutual support 
(Crouch & Ward, 1999), and growing your own food contributes to food safety and tastier, better 
quality food (Kortright & Wakefield, 2011; National Gardening Association, 2009; Wakefield, 
Yeudall, Taron, Reynolds, & Skinner, 2007).  In fact, wanting better tasting food was the top reason 
respondents to a study cited for growing their own food (Church et al., 2015).  It can also be a very 
satisfying practice (Tomkins, 2014), promotes skill development (Clavin, 2011; Kortright & 
Wakefield, 2011), and connects one to nature (R. A. Fuller & Irvine, 2010).  A final benefit of growing 
food, and the second most popular reason in the above-mentioned study, was economic savings 
(Church et al., 2015).  Community markets with locally grown food have even been used to promote 
racial equality, as in the case of “Mo’ Better Foods” in the US (Alkon, 2007), indicating that the 
benefits derived from food and taste can be far reaching, from the individual to the community scale.  
The expansion of food-growing from a male-dominated practice to a more equal and female-including 
practice has been studied (Buckingham, 2005), so it has implications for racial and gender 
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relationships, and the local food movement (growing food locally) has been considered as a social 
movement (Starr, 2010).  Indeed, food ties us together and its use to bring people together socially is 
well documented (Connor, Armitage, & Conner, 2002; Counihan, 1984; Johnson, 1986; Rogers, 1975; 
Testart et al., 1982).  Growing food or otherwise interacting in nature can bring us together socially and 
provide benefits, such as care farms (Hine, Peacock, & Pretty, 2008) and nature-assisted therapy 
programs (Annerstedt & Wahrborg, 2011).  All of this suggests that community cohesion is one of the 
possible benefits of natural food. 
 
While the sensory avenue of taste is the least explored in the literature, there is some indication that 
growing your own food has beneficial effects, flavours of foods have an effect on emotions, that 
organic (i.e. more natural foods) are perceived as tasting better and making one feel better, that 
traditional, more natural diets are better for our physical and mental health, and that growing your own 
food has positive effects on the individual and on the community. 
 
2.8 Touch 
 
The tactile sense is greatly underappreciated in humans, and its importance is often overlooked.  Touch 
is the first sense to develop in utero (Dijk, Nijholt, van Erp, Kuyper, & van Wolferen, 2010), and it can 
affect people’s willingness to comply with requests, create bonds between people and groups, 
strengthen romantic relationships, and reduce stress as measured by blood pressure and heart rate 
(Gallace & Spence, 2010).  Touch is crucial to love and social bonding, and there are many uses of 
tactile stimulation (Dunbar, 2010; Essick et al., 2010).  Contact is very important for humans (Moss, 
1970; Passman, 1977; Schaffer & Emerson, 1964), and contact comfort is necessary for baby monkeys, 
without which they become seriously psychologically dysfunctional and deprived (Harlow, 1962; 
Harlow & Zimmerman, 1959). 
 
In terms of nature experiences, one of the main avenues of experiencing touch is via animal petting.  
Animals in general have been found to provide us with positive benefits such as reduced blood 
pressure, self-reported increases in relaxation and comfort, and improved social responses in asocial 
and autistic individuals (Katcher & Wilkins, 1993; Shepard, 1996), and contact with animals results in 
greater benefits than landscape exposure, highlighting the importance of the senses other than vision to 
nature benefits (Kahn, 1997).  Pets increase pain tolerance, decrease loneliness, enhance recovery from 
stress and frustration, and reduce the need for medical care (Kellert & Wilson, 1993b), and while this 
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may be from non-tactile factors such as companionship or increased exercise, animals are known for 
giving tactile comfort, so this may play a part. 
 
Additionally, there is some literature on the haptic benefits of interacting with nature.  This involves 
taking a “hands on” approach to nature, such as that practiced in forest schools, where children are 
encouraged to play and learn outdoors; this is believed to be one mechanism through which nature 
benefits can be delivered (L. O'Brien et al., 2011).  Children at these forest schools are believed to 
benefit from direct experience with nature in “confidence, social skills, language and communication, 
motivation and concentration, physical skills, and knowledge and understanding” (L. O'Brien & 
Murray, 2007), and motor skills have been found to improve more from play in the forest than in 
playground areas (Fjortoft, 2001). 
 
2.8.1 Cardiovascular and mood effects 
 
Touching animals has been found to have beneficial cardiovascular effects (Friedmann, Katcher, 
Thomas, Lynch, & Messent, 1983; Grossberg & Alf, 1985; Jenkins, 1986), and it has been found that 
talking to and petting a dog is less arousing than talking to people (Friedmann, Katcher, Meislich, & 
Goodman, 1979; Katcher, 1981; Vormbrock & Grossberg, 1988).  Due to the “pet effect” (Vormbrock 
& Grossberg, 1988), touching dogs can result in lower blood pressure and heart rate than other relaxing 
activities such as reading (C. Wilson, 1987), and petting a dog lowers stress and decreases salivary and 
serum cortisol (Barker, Knisley, McCain, & Best, 2005).  Arousal may be decreased by touch and this 
may be because the physical sensation of touch affects the cardiovascular system (Vormbrock & 
Grossberg, 1988).  According to the “contact comfort hypothesis,” touch is a primary factor in reducing 
anxiety and sympathetic arousal (Friedmann & Thomas, 1985; Vormbrock & Grossberg, 1988).  
Interestingly, blood pressure in individuals is affected by petting a dog regardless of their feelings 
towards animals, so it is not operant conditioning which results in lower pressure, but the act of 
touching itself (Vormbrock & Grossberg, 1988).   
 
These findings hold true for animals other than dogs as well.  Short periods of petting resulted in lower 
state anxiety scores in stressful situations both with rabbits and with turtles, but petting a soft toy did 
not show the same results (Shiloh, Sorek, & Terkel, 2003).  This was also found to occur independently 
of attitude towards animals.  It appears that touching some living things regardless of attitude towards 
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them results in positive feelings and lower stress, pain, and anxiety (Lafreniere et al., 1999; Montagu, 
1978; Spence & Olson, 1997). 
 
These benefits also accrue in the long term.  Heart disease patients who owned pets were more likely to 
survive their first year (Friedmann, Katcher, Lynch, & Thomas, 1980), and pet owners were found to 
be healthier than non-pet-owners (Headey & Grabka, 2007).  Pet owners have lower blood pressure, 
heart rates (Allen, Blascovich, & Mendes, 2002), and triglyceride levels (W. P. Anderson, Reid, & 
Jennings, 1992), and petting effects on blood pressure were found to be strongest in individuals with 
the highest levels of blood pressure (Friedmann & Thomas, 1985), so the benefits seem to go to those 
who are most at risk.  While these studies of pet-owners are correlational and may be due to factors 
other than touch (such as increased exercise from walking their dog), they are included here due to the 
general dearth of studies in the field, and are used as a possible pointer to directions of what petting 
may be capable of. 
 
Human-animal interactions activate the oxytocinergic system, resulting in decreased social stress and 
endocrinological, psychophysiological, and psychosocial effects (Beetz, Uvnas-Moberg, Julius, & 
Kotrschal, 2012).  Oxytocin is produced by stroking (Insel, 2010; Uvnas-Moberg, 2003), and an 
increase in plasma oxytocin was found in humans after 5-24 minutes of petting (Odendaal, 2000; 
Odendaal & Meintjes, 2003).  Oxytocin is found to increase social interaction (Ditzen et al., 2009), 
decrease stress (Legros, Chiodera, & Geenen, 1988; Neumann, Wigger, Torner, Holsboer, & Landgraf, 
2000; J. Petersson, Lundeberg, & Uvnas-Moberg, 1999), lower pain thresholds, produce anti-
inflammatory effects (M. Petersson, Alster, Lundeberg, & Uvnas-Moberg, 1996; M. Petersson, Eklund, 
& Uvnas-Moberg, 2005), lower anxiety (Neumann, Kromer, Toschi, & Ebner, 2000), and increase the 
function of the parasympathetic nervous system, resulting in increased digestive function (Uvnas-
Moberg, 1989; Widstrom et al., 1988).  Oxytocin may therefore be an important factor in the nature 
benefits received from touch 
 
Animals (for petting and interaction) have been used with psychiatric patients for their beneficial 
effects and have been shown to decrease fear and anxiety (Barker, Pandurangi, & Best, 2003).  They 
are also used in companion animal therapy with outpatient psychiatric children (Levinson, 1969).  
Children with dog support were found to have lower cortisol levels correlated with their physical 
contact with the animal (Beetz, Kotrschal, Hediger, Turner, & Uvnas-Moberg, 2011).  Animal assisted 
interventions result in lower depression levels (Souter & Miller, 2007), and touch was found to 
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decrease cardiovascular activity in hypertensive patients (Allen, Shykoff, & Izzo, 2001).   Although not 
a treatment, it was found that college students petting live dogs showed an increase in IgA, an indicator 
of immune system function, indicating that petting animals may also enhance the immune system 
(Charnetski, Riggers, & Brennan, 2004). 
 
2.8.2 Non-animal nature touch 
 
One rather neglected area of research is the health and wellbeing effects of the non-animal aspects of 
nature through touch, such as feeling the grass under your feet, the water ripple through your hands, or 
the wind on your face (which could also be considered thermoception).  I could locate no research on 
these topics, suggesting a significant gap in the literature.  It would be interesting to look at blood 
pressure effects, for instance, of lying in the grass, to see if it provides additional benefits to those of 
just lying down.  Part of the pleasure gardeners have in physical contact with the soil may be due to a 
sensual, touch component. 
 
2.9 Non-sensory pathways 
 
There is intriguing emerging evidence of at least three further distinct pathways for benefits of nature 
experiences that do not fit neatly in one or another of the senses, but that still require contact with 
nature, and I treat these in the following sections. 
 
2.9.1 Phytoncides 
 
Phytoncides are antimicrobial volatile organic compounds emitted by plants typically for defense 
against decay or attack by herbivores.  Phytoncides permeate the air in natural environments, and are 
directly ingested by visitors to environments containing plants emitting them.  They are not smelled or 
tasted as such, but simply ingested through inhalation.  They are a popular topic of study in Japan, and 
widely believed to contribute to nature benefits experienced during nature walks known as “shinrin-
yoku,” or “forest-bathing,” (Li, 2010). 
 
Two kinds of phytoncides have been found to be antimicrobial on inhalation (Li et al., 2008a, 2008b; 
Li et al., 2007; Li et al., 2006), while three have been found to increase immunity system activity in 
vitro (Li et al., 2006).  Overall, phytoncides are believed to decrease stress and increase relaxation, as 
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in rats, they decrease spontaneous activity and reduce cardiovascular response to the stress of restraint 
(Kawamoto, Kawakami, & Otani, 2008).  They also prolong sleep, decrease anxiety, and depress the 
central nervous system in mice (Cheng, Lin, Chu, Chang, & Wang, 2009). 
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2.9.2 Negative Air Ions 
 
Air ions are positively or negatively charged air particles that form when energy detaches an electron 
from one gas molecule and attaches it to another (Hawkins & Barker, 1978).  The energy for this 
ionization comes from radiation, cosmic rays (Hawkins & Barker, 1978), electromagnetic solar waves 
(Hansell, 1961), waterfalls (Chalmers, 1957) thunder, radiant energy, and UV light (Yamada et al., 
2006).  Air ions are particularly abundant in natural places, such as forests and waterfalls, and they 
have been suggested as one of the potential mechanisms for the physiological and mood benefits of 
natural places (Nakane, Asami, Yamada, & Ohira, 2002).  Built environments tend to be characterized 
by ion depletion, with the indoors containing as little as 10% of the air ion concentration of the 
outdoors (I. Anderson, 1965; Hawkins, 1981; Kornblueh, Swope, & Davis, 1973; Maczynski, Tyczka, 
Mearecki, & Gora, 1971).  With urban populations spending as much as 90% of their time indoors 
(Leech, Burnett, Nelson, Aaron, & Raizenne, 2000), this could be a fundamentally important, yet 
essentially overlooked pathway for reduced mood and health through reduced contact with nature.  Air 
ions are much more common in outdoor rural air that outdoor urban air, with the former containing in 
the range of 1200 ions/cm3 and the latter about 500 ions/cm3 (Hawkins, 1981).  This may be due to the 
tendency for small air ions to cluster around pollutants and drop out of the air column (Ling, Jayaratne, 
& Morawska, 2010), and this ability to clean the air is itself a potential benefit of ambient air ions.  
Vegetation strongly influences the abundance of air ions, with forests having air ion concentrations on 
average of 1649 ions/cm3 in comparison with 494 ions/cm3 in open grassy parks as measured in 
southeast Queensland (Jayaratne, Ling, & Morawska, 2011).  Plants directly produce air ions 
(Jayaratne et al., 2011; Nemeryuk, 1970), and also draw up radon in the groundwater, which is a source 
of ions (Jayaratne et al., 2011).  Recent surveys have found that mountains have the highest levels of 
air ions, while rural and coastal sites have moderate amounts and urban sites the lowest (Mandija & 
Bushati, 2012; Pawar, Meena, & Jadhav, 2012). 
 
Air ions have been believed to exert a biological influence since their discovery at the turn of the 
century (Davis, 1963), and a relationship has been noted between areas of higher air ion concentration 
(such as mountains and seashores), and areas traditionally prescribed for health treatment (Yates, Gray, 
Misiaszek, & Wolman, 1986).  Yet the results of experimentation with air ions have been 
contradictory, with many experiments being flawed in not assessing the microclimate, improperly 
measuring ion concentration, and poor preparation of the experimental subject (Yates et al., 1986), so 
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care should be taken when interpreting the results.  There is enough evidence to warrant further 
exploration, but not enough to draw any firm conclusions. 
 
2.9.2.1 Effects of negative air ions 
 
Air ions kill bacteria, increase plant and insect growth rate, and cause physiological and behavioral 
changes in people and other animals (Fornof & Gilbert, 1988; Kellogg, 1984; Krueger, 1982; Krueger, 
Andriese, & Kotaka, 1968).  About 1/3 of the population is sensitive to air ions, and this portion of the 
population responds to the change in positive ion concentration that precedes certain warm, dry winds 
in a number of countries (Sulman, Danon, Pfeifer, Tal, & Weller, 1970) by showing elevated symptoms 
of depression, lassitude, migraine, nausea, insomnia, and respiratory problems when these winds bring 
a high concentration of positive ions and a low concentration of negative ions (Krueger, 1973; Sulman, 
1971).  Because negative air ions decrease the concentration of 5-hydroxytryptamine (5-HT) in mice, 
rabbits and guinea pigs, while positive ions increase it (Krueger, 1975; Krueger & Smith, 1960), and 5-
HT in humans has been found to increase with the winds, it is believed that a “serotonin irritation 
syndrome,” contributes to the symptoms described above (Sulman et al., 1970; Sulman, Pfeifer, & 
Superstine, 1973). 
 
Negative air ions, on the other hand, increase thermal comfort and alertness, and decrease stuffiness, 
nausea, dizziness, and incidence of headaches by 50% in office workers (Hawkins, 1981).  After 
exercise, negative air ions decrease serum serotonin (Ryushi et al., 1998), and during stress, they 
decrease immunoreactivity, as well as state-trait anxiety inventory scores and correlate with a slight 
increase in performance on a word processing task (Nakane et al., 2002).  In addition to a certain 
proportion of the population being more sensitive to air ions, those under stress or with ailments are 
also more responsive (Frey & Granda, 1961; Sulman, 1974), and people with a lower autonomic 
lability score (more responsive to stress) show a higher response to air ions (Charry & Hawkinshire, 
1981). 
 
High density negative air ions are used as a treatment for seasonal affective disorder (Goel, Terman, 
Terman, Macchi, & Stewart, 2005; Terman & Terman, 1995; Terman, Terman, & Ross, 1998), and 
non-seasonally-depressed individuals showed a 27-55% improvement in depression, mood disturbance, 
and anger, during the first 30 minutes of administration of negative air ions in a study by Goel and 
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Etwaroo (2006).  Negative air ions also increase natural killer cell activity, and have anti-tumor effects 
(Yamada et al., 2006).  Both positive and negative ions affect alpha brain wave activity, which 
indicates wakeful relaxation (Assael, Pfeifer, & Sulman, 1974; Silverman & Kornblueh, 1957; Sulman, 
Assael, Alpern, & Pfeifer, 1974).  Asthma patients showed an 80% improvement using ionized aerosols 
(Wehner, 1962), and ions have been used to improve burn healing (Kornblueh, 1968).  In addition, 
anxiety was decreased in 80% of patients with anxiety syndrome (Ucha Udabe, Kertesc, & 
Franceschetti, 1968).   
 
In an example from animals, rats show an increase in learning and performance and decrease in fear 
with negative air ions (Frey, 1967; Nazzaro, Jackson, & Perkins, 1967; Olivereau & Lambert, 1981).  
While indoor ion depletion is correlated with depression and somnolence (Kimura, Ashiba, & 
Matsushima, 1939) and animals die in air filtered of ions (Chizhevsky, 1995; Goldstein & 
Archavskaya, 1997), increased negative air ions levels stabilize mood, and increase vigor and 
friendliness (Sigel, 1979).  They also increase alertness and performance, decrease tension (Soyka & 
Edwards, 1976), and increase reaction time, energy, and ease of concentration (Tom, Poole, Galla, & 
Berrier, 1981).  In Zhongxiang, a Chinese city known for having long-lived residents, higher levels of 
air ions were found both indoors and outdoors, a result which, while correlational, is believed to imply 
that higher levels of air ions contribute to longevity (Lv et al., 2010).  Negative air ions, therefore, may 
be an important contributor to the benefits derived from nature and are another possible mechanism 
through which nature benefits are delivered 
 
2.9.3 Soil and gut microbes 
 
In addition to the nutritional value of foods, we ingest a number of microorganisms with our food or 
directly from the environment, such as from soil.  Some of these microorganisms persist as fauna 
within the gut with a number of beneficial effects. Humans coevolved with microbes for over 500 
million years (Rook, Raison, & Lowry, 2012; Strachan, 1989), and this has led to a symbiotic 
relationship, wherein bidirectional neuronal, hormonal, and immunological signals are exchanged 
between the gastrointestinal tract and the brain (Grenham, Clarke, Cryan, & Dinan, 2011).  Saprophytic 
(soil) bacteria are commonly found in the gut, and while they cannot replicate there, were present in 
ancient humans due to exposure through soil and water (Matthews & Jenks, 2013; Rook, 2010).  
Repeated exposure to these organisms was found to lead to a tolerance response to stress (Matthews & 
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Jenks, 2013), and indeed continued exposure to environmental organisms is necessary to maintain the 
diversity of gut microbiota” (Rook, Raison, & Lowry, 2014).  
 
The human intestine has 100 trillion bacteria (Gil et al., 2006), or 10-100 times more bacteria than cells 
in the human body (Gil et al., 2006; Luckey, 1972; Qin et al., 2010).  These bacteria come from the 
soil, water, animal feces, and spores in the air (Rook et al., 2014; Rook et al., 2012).  This gut 
microbiota, consisting of anaerobic bacteria, viruses, protozoa, archae, and fungi (Xu et al., 2007) is 
very important to central nervous system function (Clarke et al., 2012; Heijtz et al., 2011; Neufeld, 
Kang, Bienenstock, & Foster, 2011a, 2011b; Sudo et al., 2004).  However, the increase in time spent 
indoors and the sanitization of our living conditions has meant that we are exposed to fewer of these 
microorganisms than before, and thus reap fewer of the benefits. 
 
2.9.3.1 “Old friends” 
 
It has been suggested that many of the modern world’s chronic diseases are actually inflammatory 
conditions resulting from the depletion from our environment of the microorganisms with which 
humans coevolved, the so-called “old friends hypothesis,” also known as the “hygiene hypothesis” 
(Rook & Brunet, 2002; Rook et al., 2012).  These commensal organisms have a role in 
immunoregulation, and their absence leads to immunological dysregulation, with effects on behavior, 
emotion, and health (Hanski et al., 2012; Matthews & Jenks, 2013; Rook et al., 2012).  Commensal 
microorganisms are also involved in the development of other organ systems, beyond the gut, but 
including bones and brain (McFall-Ngai, Hadfield, & Bosch, 2013).  Indeed, microbiota-free mice are 
found to have altered brain chemistry and stress responses (Bailey et al., 2011; Heijtz et al., 2011; Sudo 
et al., 2004). 
 
2.9.3.2 Chronic inflammation and disease 
 
It has been found that urban populations have more mood and anxiety disorders (which are correlated 
with inflammation) than rural populations (Peen, Schoevers, Beekman, & Dekker, 2010), and in low 
income (and therefore more rural) countries, inflammation increases with infection and then decreases 
afterwards while in high income countries, high levels of inflammation are found both with and without 
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infection, such that the level of inflammation never falls (McDade et al., 2012).  In high income 
countries, as a result, the rate of chronic inflammatory disorders is high (Bach, 2002), and in both high 
income and urban areas, chronic inflammation and psychiatric disorders are more common than in low 
income and rural areas (Rook, Lowry, & Raison, 2013).  Overall, then, there is a strong link between 
gut biodiversity and mental and physical health. 
 
This difference between low income and high income countries and rural and urban residents is 
exemplified by the difference found in the body microbiota of populations from different countries 
(Rook et al., 2014).  A study found that the gut diversity of Italians was very different from that of 
traditional people from Burkina Faso (De Filippo et al., 2010), and the skin microbiota from 
agricultural residents in Finland was more diverse than that from urban residents (Hanski et al., 2012).  
Gut microbe diversity was found to be highest in Amazonian Amerindians, then Malawians, and finally 
lowest in Americans (Yatsunenko et al., 2012).  People exposed to farm environments while young also 
have a lower incidence of asthma than the general population (Ege et al., 2011), and early farm 
exposure has been considered a protective device since the 19th century (Blackley, 1873). 
 
2.9.3.3 Effects of microbiota 
 
Commensal organisms produce serotonin, melatonin, gamma-aminobutyric acid, catelcholamines, 
histamine, and acetylcholine, all neuroactive molecules (Rook et al., 2012), and so can be expected to 
affect mood.  A soil bacteria, Mycobacterium vaccae, has been show to increase emotional affect and 
cognitive function in cancer patients (Dalbeth et al., 2004; M. O'Brien et al., 2004; M. O'Brien et al., 
2000) by inducing Treg production, which downregulates inflammation (Rook et al., 2012). 
 
Mycobacterium vaccae is an aerobic, temperate bacterium to which we are exposed in water, soil, and 
vegetation (Gomez et al., 2001; Kazda, Pavlik, & Hruska, 2009; Sneath, Mair, Sharpe, & Holt, 1986).  
As an aerobe, it does not colonize the intestinal tract, but is considered a “transient commensal” (Rook 
& Brunet, 2005).  It is believed that M. vaccae alters serotonin levels, affecting mood, arousal, and 
learning (Cools, Roberts, & Robbins, 2007; Leussis & Bolivar, 2006), and in mice, it lowered maze run 
times, mistakes, and anxiety behaviors (Matthews & Jenks, 2013).  This effect was temporary, only 
affecting the mice while the bacteria was in their system. 
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This data on bacterial effects on health indicates that the “old friends hypothesis” could be an avenue 
through which nature benefits are delivered.  It is a rather well studied avenue through which nature 
benefits are delivered though it has not necessarily been linked with the nature benefits literature.  
Perhaps the benefits derived from living near greenspace (Maas, Verheij, Groenewegen, de Vries, & 
Spreeuwenberg, 2006; Mitchell & Popham, 2008) are due to the spores we ingest and organisms we are 
exposed to in air, soil, and water. 
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2.10 Future Research 
 
Table 2.1 Knowledge gaps. 
Pathway Knowledge gaps 
Sound Which kinds of nature sounds are important; studies 
with visually-impaired individuals 
Smell Study of smells emitted directly from plants; in situ 
studies; how natural smells affect preferences and 
memory 
Taste Emotional effects of eating natural food; ability to 
distinguish natural food; cognitive effects of diet 
Touch Non-animal nature touch; effects of petting different 
kinds of animals; touch-specific studies 
Phytoncides Field studies; documenting fine-scale environmental 
distribution; how much is released from greenery, 
variation among plant species 
Negative Air Ions Replicate and improve studies; environmental 
distribution; release from greenery; correlation 
between benefits and sensitivity 
Microorganisms Relatively well-researched; connect variation in 
nature experiences with variation in microbiota 
 
Overall, while the visual sense is relatively well understood as a pathway through which the benefits of 
experiencing nature are delivered, there are substantial deficiencies in our understanding of most of the 
other sensory and non-sensory pathways.  As such, there are many key knowledge gaps and avenues to 
look into for future research (Table 2.1).  In general, I suggest explicitly looking at senses separately in 
nature benefits research.  This can be done by repeating some experiments but using them on another 
sense, or on sensory-impaired individuals.  Researchers could also build smellscapes and soundscapes 
to use as model systems, and perhaps couple these with visual virtual reality immersive experiences.  
One useful way to organize future research in this area is by hypothesizing the pathways leading from 
nature to the realized benefit and studying key links along this causal pathway (Shanahan, Lin, et al., 
2015).  Additionally, more work is needed on the duration of nature benefits, in particular to 
understand whether short-term benefits, which are by far the most commonly studied type of benefit, 
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translate into longer-term effects.  Other key research agendas include investigating potential synergies 
of multiple pathways, both sensory and non-sensory, and studying the differences between passive and 
active sensory avenues. 
 
In the case of hearing, it would be interesting to partition different kinds of natural sounds to determine 
whether the benefits vary with the acoustic properties of the sounds (e.g. biophysical versus animal 
sounds or different kinds of bird song).  Also, running experiments with visually-impaired individuals, 
such as exposing them to nature sounds, could provide insight into the nature benefits of sound. 
 
The smell benefits literature could be usefully expanded by focusing on nature smells and the benefits 
we receive from them, using actual natural products to produce the smells, in the lab and also in situ.  
Comparisons among negatively and positively-valenced smells to give an idea of smell preference 
would be interesting, and could start to reveal information about how smells relate to preference and 
wellbeing.  Finally, self-report studies looking at memories of preferred smells might provide some 
insight.  
 
Taste remains highly neglected in the context of nature experiences, and some interesting research 
avenues might include clinical studies on the emotional effects of eating processed versus natural 
foods, ability to distinguish between processed and natural food, and cognitive effects of diet. 
 
Touch is also rather poorly studied, and many of the references I reviewed were not directly about 
touch.  However, there are intriguing indications that touching animals contributes to health and 
wellbeing, and I suggest that this be researched more thoroughly and experimentally where possible.  
There is also a significant gap in the literature with regards to touching non-animal aspects of nature, 
such as plants. 
 
Most experiments with phytoncides take place in the lab, as this is necessary to isolate the compounds, 
so an avenue of future research would be to conduct experiments in the field but attempting to isolate 
phytoncides as the active element.  Measurements could also be taken of the distribution of phytoncides 
in the environment, such as through a park or forest, or in comparison to an urban area.  Experiments 
could also look at how far do phytoncides extend from natural areas, and whether they are released in 
measurable quantities from different kinds of urban greenery. 
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Because there is so much controversy over whether or not negative air ions actually do have an effect 
on humans, future research could focus on replicating existing fundamental studies with improved 
experimental structure and controls.  Studies could also look at negative air ion distributions in nature, 
levels of negative air ions around different kinds of vegetation, and whether negative air ion sensitive 
individuals receive stronger benefits from experiences of nature. 
 
Microogranisms living in and on people have been heavily studied, but this literature is only just 
beginning to be linked with the nature benefits literature.  The field of microorganisms is quite well 
studied, but as regards future research, Matthews and Jenks note that, “research that incorporates a 
behavioral ecological perspective on brain-gut-microbe interactions is necessary” (2013), meaning that 
we need to branch out in the microbiota research into human behavior and human ecology. 
 
2.11 Conclusion 
 
Many benefits that people receive from nature accrue through the five senses as well as at least three 
non-sensory avenues: sight, sound, smell, taste, touch, phytoncides, negative air ions, and microbes.  
Most research focuses on the visual nature benefits, and I have briefly reviewed this as well as 
examining the other pathways through which nature benefits are delivered, concluding that there is a 
need to broaden work beyond merely the visual sense and to take some experimental studies into the 
field.  The idea that nature provides benefits beyond the visual has been touched on in the literature 
looking at some mood benefits derived from feeling connected to nature; this suggests that feeling 
connected to nature is enough to provide some psychological benefits (Lawton, Brymer, Clough, & 
Denovan, 2017; Nisbet et al., 2011).  I do not explore this at length here, but this alternate route should 
not be overlooked.  Additionally, there is clear evidence of the benefits of exercising in greenspace or 
in simulated nature beyond that of exercising in other environments, implying that there may be 
another pathway involved here, although we do not yet know whether this is through the senses 
(Brymer, Davids, & Mallabon, 2014; Yeh, Stone, Churchill, Brymer, & Davids, 2017; Yeh et al., 
2016). 
 
I have outlined the evidence that viewing nature both in pictures and through windows can improve 
health and mood; sounds such as birdsong and nature sounds provide restoration and enhance affect; 
smells provide numerous physical and psychological benefits; taste affects emotion, and traditional, 
natural diets have health benefits; petting animals can be very therapeutic; phytoncides can have a 
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positive effect on our immune system; negative air ions affect our physical and mental wellbeing; and 
microbiota in the gut and the brain influence each other.  I have looked at some sensory and nonsensory 
avenues, and it is possible that these pathways work in tandem or parallel, either synergistically, 
additively, or subadditively. 
 
Some limitations of my review are that it was a narrative review rather than a systematic one, and I 
suggest future studies perform more narrow, systematic reviews that could focus on particular health or 
wellbeing outcomes, although at this stage it seems the literature would be too sparse for this kind of 
treatment of most questions.  I also used correlational or preference studies in cases where there was 
little experimental research to show some of the potential sensory pathways for nature benefits, even if 
they have not been shown unequivocally.  My review focused on the benefits from nature interactions, 
but future studies could also include risks. 
 
In the hunt for which mechanisms deliver nature benefits, it is easy to overlook the fact that they may, 
in fact, depend on multiple channels, and over the course of our evolutionary adaptation to natural 
environments all our senses have presumably become attuned to nature.  Our senses often act in 
tandem, bringing a multitude of benefits at once.  Humans are multi-sensory organisms, and we will 
only build a true picture of the interdependence of our health and wellbeing on nature once we 
understand how nature benefits are delivered through the full range of our senses. 
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Chapter 3. Rethinking the extinction of experience: Do experiences of nature drive conservation 
concern? 
 
3.1 Abstract 
 
This chapter investigates whether experiences of nature are associated with an enhanced connection 
with nature, using the well-established nature relatedness scale.  I analyze whether people who spend 
more time in nature show a stronger NR perspective, a specific domain of nature relatedness reflecting 
conservation concern.  I discover that increased ‘nature dose’ is only weakly positively related to NR 
perspective.  Nature dose is much more strongly related to NR experience, which measures a 
procedural connection with nature.  This discovery potentially calls into question much of the 
conventional thinking around the extinction of experience, in which greater nature exposure is expected 
to lead to increased conservation concern. 
 
3.2 Introduction 
 
Opportunities for people to experience nature are declining.  This is occurring for a number of reasons, 
as biodiversity is in rapid global decline (Hughes, Daily, & Ehrlich, 1997), more than half the world’s 
population is living in built up areas (United Nations, 2014), people are spending almost 90% of their 
time indoors (Klepeis et al., 2001), and up to 86% of the US population is not engaging in wildland 
recreation (Miles, Good, McDonald, Schultz, & Capella, 1993).  This has ignited concern that fewer 
people are accessing the health and wellbeing benefits of nature experiences (T Hartig et al., 2014; 
Keniger, 2013; Louv, 2005) and that individual concern for nature conservation is weakening as a 
result (Miller, 2005; Pyle, 1978; Soga & Gaston, 2016).  While the association between nature 
experiences and health and wellbeing benefits is increasingly well understood (Franco, Shanahan, & 
Fuller, 2017; T Hartig et al., 2011; A. C. Lee & Maheswaran, 2011; Shanahan, Fuller, et al., 2015; 
Tzoulas et al., 2007), the links between nature experiences and conservation concern are much less well 
studied.  A commonly accepted idea is that reductions in experiences of nature cause a disconnection 
from the natural world, and, in turn, a reduced concern for preserving the natural environment.  As 
people experience less nature, apathy towards it is hypothesized to increase, leading to further habitat 
loss and increased apathy, in a kind of positive feedback loop (Miller, 2005; Pyle, 2003).  Some have 
even gone so far as to ask whether “disconnection from the natural world [is] contributing to our 
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planet’s destruction” (Nisbet et al., 2009), and this concern is echoed by many others (Cheesman & 
Key, 2007; Howard, 1997; Miller, 2005; Morrison, Marcot, & Mannan, 2012; Nabhan & St. Antoine, 
1993; Pyle, 2002; Samways, 2007; P. W. Schultz, Shriver, Tabanico, & Khazian, 2004; Simaika & 
Samways, 2010; Soga & Gaston, 2016; Soga et al., 2015; Stokes, 2006). 
 
In an attempt to reignite conservation concern amongst the public, environmental NGOs around the 
world are implementing nature experience programs to foster a reconnection to nature.  For example, 
the National Wildlife Federation has six initiatives: Earth Tomorrow, Eco-Schools USA, Nature Play 
Spaces, Schoolyard Habitats, Trees for Wildlife, and Young Reporters for the Environment ( 
https://www.nwf.org/What-We-Do/Kids-and-Nature/Programs.aspx).  WWF Canada has a Go Wild 
program to “allow kids to reconnect to nature and foster even more desire to protect it” 
(http://www.wwf.ca/takeaction/gowild/), and the Audubon Society has regional chapters with nature 
reconnection programs such as the Bioblitz, outdoor summer nature camps, Finding Urban Nature, and 
many other regional initiatives (various websites).  Other examples around the world include the 
Woodland Trust Nature Detectives UK, (woodlandtrust.org.uk), WWF UK which works to inspire 
young people to care about nature (https://www.wwf.org.uk/what-we-do/area-of-work/inspiring-next-
generation), the NZ Department of Conservation, which touts the benefits of connecting children with 
nature (www.doc.govt.nz/Documents/.../benefits-of-connecting-children-with-nature.pdf), the Get to 
Know program in Canada (http://www.get-to-know.org/about/), and the UK 8 point plan for national 
parks which seeks to bring students into parks (https://www.gov.uk/.../national-parks-8-point-plan-for-
england-2016-to-2020.pdf). 
 
Much of this activity is based on the seemingly logical assumption that increasing a person’s 
experience of nature will lead to enhanced conservation concern and thus play a part in mitigating the 
environmental crisis (Miller, 2006; Pyle, 2003; Tam, Lee, & Chao, 2013).  Indeed, people often cite 
experiences of nature in interview-based studies aimed at understanding why they became concerned 
about nature conservation (Chawla & Derr, 2012).  Yet conservation concern has grown enormously in 
the past few decades, with, for example, environmental organization membership in the US growing 
from 123,000 to over 3 million from 1960 to 1990 (Mitchell, Mertig, & Dunlap, 1991), at the same 
time as the urbanized fraction of the US population rose from 69.9% in 1960 to 78.0% in 1990 
(Bureau, 2012).  Arguably, conservation concern is a more intellectual and philosophical viewpoint, 
rather than a conclusion one comes to as a direct result of increased experiences of, or attachment to, 
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nature.  Indeed, it even seems possible that the reverse is true – conservation concern might grow when 
nature experiences decline because nature is seen as something that is rarer and needs protecting. 
 
Here I determine empirically whether people receiving a greater dose of nature experiences show 
heightened conservation concern amongst the urban population of Brisbane, Australia.  I aim to 
examine this fundamental uncertainty around the connection between nature experiences and 
conservation concern, which is a critical question if we are to make the best use of scarce conservation 
dollars in continuing to grow conservation concern among the public at large.  I show that, in this 
population and at this point in time, at least, a person’s dose of nature is very weakly or not at all 
associated with a measure of conservation concern.  In contrast, it is strongly associated with a metric 
reflecting the enjoyment of being in nature. 
 
3.3 Methods 
 
A survey was delivered in November 2012 by Q&A Market Research Ltd to 1538 Brisbane residents in 
their existing market research database.  Respondents ranged in age from 18 to 70 years old, and were 
selected according to socio-demographic stratification criteria to ensure the sample spanned the full 
range of Brisbane’s population.  These criteria were age, sex, income quartiles, and the proportion of 
urban green space in each neighborhood (for further details see Shanahan et al. (2016).)  Connection 
with nature has been shown to be associated with a number of socio-demographic variables, so I also 
collected information on age, sex, personal annual income, highest formal qualification, presence of 
children in the home, and primary language spoken at home. 
 
Nature dose was measured based on the frequency and time spent engaging with three types of 
greenspace: the respondent’s yard/garden, public greenspaces, and the view from home.  This resulted 
in six nature dose measurements with varying levels of complexity: 
1. Frequency of time a respondent spent in their yard/garden, measured as how often a 
respondent usually spent 10 minutes or more in the space, with responses including never, 
less than once a month, 2-3 times a month, once a week, 2-3 days a week, 3-5 days a week, 
6-7 days a week, and finally, the option of not having a yard/garden.   
2. Total time spent in yard/garden, measured as the total time in the last week spent there, with 
responses of no time, 1-30 minutes, 31 minutes to 1 hour, 1-3 hours, 3-5 hours, 5-7 hours, 7-
9 hours, and 9+ hours.   
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3. Yard use, which was a binary coded variable using the above-mentioned question of how 
often they spent time in their yard. 
4. Frequency of greenspace visits, measured as self-reported frequency of visiting or passing 
through greenspace, including beaches, bushland, playgrounds, dog off-leash areas, golf 
courses, the Brisbane River walkway, and national parks.  Responses included never, once a 
year, once every three months, once a month, 2-3 times a month, once a week, 2-3 days a 
week, 3-5 days a week, and 6-7 days a week. 
5. Whether or not a person had visited a public greenspace in the last week (binary), 
determined by asking respondents to list parks they had visited over the last week. 
6. View of nature from home, measured as whether as a participant had a view of trees, parks, 
bushland, or waterways close-by (within 500m) and in the distance (more than 500m).  
Options included no good view of nature, trees, parks, bushland, ocean/lake/river.  This 
question was then transformed into a binary yes/no of whether they had a view of nature 
from home. 
  
A person’s connection to nature comprises cognitive, experiential, and cultural elements (Zylstra, 
Knight, Esler, & Le Grange, 2014), and emerging evidence suggests that people with different life 
paths and experiences have different kinds of connections to nature.   Most tests of nature 
connectedness are one dimensional, perhaps obscuring the fact that different kinds of people may have 
markedly different kinds of nature relatedness.  Multi-dimensional scales for measuring nature 
connectedness address this problem (Tam, 2013).  Here I measured connection to nature using the 
multi-dimensional Nature Relatedness (NR) Scale developed by Nisbet et al (2009). The scale is 
composed of 21 items divided into three factors: NR self (an internalized identification with nature), 
NR perspective (an external, nature-related worldview), and NR experience (physical familiarity with 
and a desire to be outdoors in the natural world).  These factors can be assessed separately, or taken 
together to provide an overall score, NR average.  Questions used to construct the factor NR 
perspective are mostly focused around conservation, and I use this factor here as a measure of 
conservation concern (Appendix B). 
 
Research followed approved guidelines, and received Institutional Human Research Ethics Approval 
(Behavioral & Social Sciences Ethical Review Committee, University of Queensland), project number 
2012000869.  All respondents provided informed consent. 
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Statistical analyses were conducted in the software package R.  An exploratory approach was used to 
analyze the relationship between respondent’s connection to nature (the NR measures), potential 
covariates (socio-demographic variables), and the six nature experience measures.  Using a dose-
response framework (Shanahan, Fuller, et al., 2015), I estimated the relationship between different 
levels of nature exposure on the connection to nature measures with linear-regression fixed-effects 
models.  Each of the NR experience or the NR perspective scores were used independently as response 
variables and each of the six dose measures as predictors.  The models tested whether NR perspective 
and NR experience were associated with nature dose, and the models included the covariates reflecting 
age, income, gender, whether children were living at home, education, and ethnicity. 
 
3.4 Results 
 
Nature relatedness experience and NR perspective were weakly positively correlated with each other 
(r=0.299, n=1538, p<0.001; Fig. 3.1), indicating that, on average, those people with a higher 
experiential connection to nature also showed deeper conservation concern.  However, there was a 
great deal of scatter around this relationship, particularly along the NR experience axis, indicating that 
people with any given NR perspective showed a broad range of NR experience scores.  Consistent with 
previous studies (Nisbet et al., 2009) these two dimensions seem to be measuring very different aspects 
of a person’s connection with nature. 
 
 
Figure 3.1  The relationship between NR perspective and NR experience for 1538 people in a stratified sample across the city of 
Brisbane, Australia. 
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Respondents who worked outdoors for at least part of their job had a higher NR average (3.48) than 
respondents who worked only indoors (3.42), although this was only marginally significant (t-test: t=   
-1.83, df=1139.3, p=0.068).  However, this effect was driven overwhelmingly by the substantially 
higher NR experience score (Fig. 3.2) of outdoor workers compared to indoor workers (t=-4.66, 
df=1153.1, p<0.001).   This suggests either that people with a strong experiential connection with 
nature choose jobs that enable outdoor working, or that working outdoors eventually leads to higher 
NR experience in a person.  Conversely and much more surprisingly, outdoor workers had a 
significantly lower mean NR perspective score (3.58) than indoor workers (3.67, Fig. 3.2; t=2.04, 
df=1103.2, p=0.041), suggesting that the connection between spending time in nature and conservation 
concern might actually be rather weak in this sample of respondents. 
 
 
Figure 3.2  Nature relatedness among 1538 indoor and outdoor workers in Brisbane, Australia.   
Indoor workers reported that they spent no time working outdoors, while outdoor workers spent some time. 
 
Dose-response models that assessed the relationship between nature dose and the NR measures show 
that experiences of nature were associated with increased nature connection, after accounting for the 
effects of the covariates (Tables 3.1 and 3.2). 
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Table 3.1  The relationship between NR perspective (the response variable) with six measures of nature dose and sociodemographic covariates. 
Parameter estimates are given, along with 95% confidence intervals in parentheses.  Significance codes: p<0.001***, <0.01**, <0.05*, <0.1”. 
 
Frequency in 
yard 
Total time in yard Greenspace 
frequency 
Park user Nature view Yard user 
Age 
0.004 (0.001-
0.007)** 
0.003  
(-0.0001-0.005)” 
0.004 (0.002-
0.007)*** 
0.004 (0.002-
00.007)** 
0.004 (0.001-
0.007)** 
0.004 (0.001-
0.006)** 
Gender 
0.282 (0.209-
0.356)*** 
0.307 (0.236-
0.377)*** 
0.304 (0.233-
0.374)*** 
0.304 (0.233-
0.374)*** 
0.299 (0.228-
0.369)*** 
0.298 (0.227-
0.369)*** 
Income 
factor 1 
-0.028 (-0.102-
0.046) 
-0.007  
(-0.079-0.064) 
-0.007  
(-0.078-0.065) 
-0.005  
(-0.076-0.067) 
-0.007  
(-0.079-0.065) 
-0.0076  
(-0.079-0.064) 
Income 
factor 2 
-0.092 (-0.165-  
-0.019)* 
-0.083 (-0.153-  
-0.012)* 
-0.072 (-0.143-  
-0.002)* 
-0.074 (-0.144-  
-0.003)* 
-0.075 (-0.146-  
-0.005)* 
-0.076 (-0.146-  
-0.005)* 
Income 
factor 3 
-0.057 (-0.132-
0.018) 
-0.034 (-0.106-
0.038) 
-0.048 (-0.120-
0.023) 
-0.043 (-0.115-
0.029) 
-0.044 (-0.116-
0.028) 
-0.043 (-0.115-
0.029) 
Children 
-0.053 (-0.094-  
-0.012)* 
-0.064 (-0.103-  
-0.024)** 
-0.057 (-0.097-  
-0.018)** 
-0.053 (-0.093-  
-0.014)** 
-0.054 (-0.093-  
-0.014)** 
-0.060 (-0.100-  
-0.020)** 
Education 
factor 1 
0.116 (0.005-
0.227)* 
0.094 (-0.013-
0.201)” 
0.071 (-0.037-
0.178) 
0.085 (-0.022-
0.193) 
0.101 (-0.007-
0.208)” 
0.106  
(-0.0007-0.214)” 
Education 
factor 2 
-0.061 (-0.158-
0.036) 
-0.083 (-0.176-
0.010)” 
-0.070 (-0.164-
0.023) 
-0.077 (-0.170-
0.017) 
-0.085 (-0.178-
0.009)” 
-0.082 (-0.176-
0.011)” 
Education 
factor 3 
-0.045 (-0.126-
0.035) 
-0.0357 (-0.113-
0.042) 
-0.036 (-0.114-
0.041) 
-0.033 (-0.110-
0.0450) 
-0.322 (-0.110-
0.046) 
-0.032 (-0.110-
0.046) 
Education 
factor 4 
-0.054 (-0.128-
0.020) 
-0.051 (-0.122-
0.020) 
-0.043 (-0.114-
0.028) 
-0.043 (-0.115-
0.028) 
-0.043 (-0.114-
0.029) 
-0.043 (-0.114-
0.029) 
Ethnicity -0.125 (-0.236-  
-0.015)* 
-0.086 (-0.189-
0.018) 
-0.105 (-0.207-  
-0.002)* 
-0.115 (-0.218-  
-0.012)* 
-0.113 (-0.216- 
 -0.009)* 
-0.101 (-0.205-
0.002)” 
Nature 
dose 
0.056 (0.022-
0.091)** 
0.024 (0.014-
0.035)*** 
0.054 (0.031-
0.077)*** 
0.133 (0.061-
0.205)*** 
0.015 (0.072-
0.103) 
0.105 (0.005-
0.207)* 
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Table 3.2  The relationship between NR experience (the response variable) with six measures of nature dose and sociodemographic covariates. 
Parameter estimates are given, along with 95% confidence intervals in parentheses.  Significance codes: p<0.001***, <0.01**, <0.05*, <0.1”. 
 
Frequency in 
yard 
Total time in yard Greenspace 
frequency 
Park user Nature view Yard user 
Age 
0.005 (0.002-
0.008)** 
0.003 (-0.0002-
0.006)” 
0.008 (0.005-
0.010)*** 
0.007 (0.004-
0.010)*** 
0.006 (0.003-
0.009)*** 
0.006 (0.003-
0.009)*** 
Gender 
-0.266 (-0.346-  
-0.185)*** 
-0.210 (-0.287-  
-0.131)*** 
-0.213 (-0.289-  
-0.137)*** 
-0.216 (-0.294-  
-0.138)*** 
-0.230 (-0.309-  
-0.150)*** 
-0.231 (-0.309-  
-0.152)*** 
Income 
factor 1 
-0.002  
(-0.083-0.079) 
0.148 (-0.064-
0.093) 
0.016 (-0.061-
0.093) 
0.021 (-0.058-
0.101) 
0.016 (-0.065-
0.097) 
0.013 (-0.067-
0.093) 
Income 
factor 2 
-0.044 (-0.124-
0.036) 
-0.044 (-0.121-
0.033) 
-0.017  
(-0.093-0.586) 
-0.021  
(-0.099-0.057) 
-0.028 (-0.107-
0.051) 
-0.027 (-0.126-
0.052) 
Income 
factor 3 
-0.071 (-0.153-
0.011)” 
-0.048 (-0.126-
0.031) 
-0.085 (-0.162-  
-0.008)* 
-0.070 (-0.150-
0.009)” 
-0.075 (-0.156-
0.006)” 
-0.069 (-0.149-
0.011)” 
Children 
-0.323 (-0.077-
0.013) 
-0.039 (-0.083-
0.005)” 
-0.024  
(-0.067-0.018) 
-0.013 (-0.569-
0.031) 
-0.015  
(-0.059-0.030) 
-0.036  
(-0.080-0.009) 
Education 
factor 1 
0.191 (0.070-
0.313)** 
0.177 (0.060-
0.295)** 
0.103 (-0.012-
0.219)” 
0.155 (0.036-
0.273)* 
0.174 (0.053-
0.296)** 
0.213 (0.094-
0.333)*** 
Education 
factor 2 
-0.083 (-0.188-
0.024) 
-0.086 (-0.188-
0.017) 
-0.046 (-0.146-
0.055) 
-0.068 (-0.172-
0.035) 
-0.088 (-0.193-
0.018) 
-0.081 (-0.185-
0.024) 
Education 
factor 3 
-0.070 (-0.158-
0.018) 
-0.049 (-0.134-
0.036) 
-0.053 (-0.136-
0.031) 
-0.042 (-0.128-
0.044) 
-0.048 (-0.136-
0.040) 
-0.040 (-0.127-
0.047) 
Education 
factor 4 
0.045 (-0.035-
0.126) 
0.048 (-0.031-
0.126) 
0.066 (-0.0110-
0.142)” 
0.066 (-0.013-
0.145) 
0.065 (-0.016-
0.145) 
0.068 (-0.012-
0.147)” 
Ethnicity -0.329 (-0.450-  
-0.208)*** 
-0.303 (-0.417-  
-0.190)*** 
-0.348 (-0.459-  
-0.237)*** 
-0.377 (-0.491-  
-0.263)*** 
-0.375 (-0.491-  
-0.259)*** 
-0.331 (-0.447-  
-0.216)*** 
Nature 
dose 
0.182 (0.144-
0.220)*** 
0.061 (0.049-
0.072)*** 
0.164 (0.139-
0.189)*** 
0.343 (0.264-
0.422)*** 
0.201 (0.103-
0.300)*** 
0.381 (0.268-
0.493)*** 
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There was a directional association between nature dose and nature connection, with both NR 
perspective and NR experience increasing as the six different measures of nature dose increased (Table 
3.3, Fig. 3.3).  Crucially, in all three ordinal measure of nature dose (frequency in yard, total time in 
yard, and greenspace frequency), the increase in NR from low dose to high dose was significantly 
greater for NR experience than NR perspective, with no overlap between the confidence intervals 
(Table 3.3, Fig. 3.3). For three binary measures (park user, view of nature from home, and yard user), 
the difference in mean NR from no to yes was greater in NR experience than NR perspective.  These 
results show that the various measures of nature dose were much more strongly associated with NR 
experience than they were with NR perspective.   
 
Table 3.3  The values for six measures of nature dose for NR experience and NR perspective. 
Parameter estimates are given, along with 95% confidence intervals in parentheses.  Significance codes: p<0.001***, <0.01**, 
<0.05*, <0.1”. 
 NR experience  NR perspective  
 
Estimate (95% 
CI) p Estimate (95% CI) p 
 
Frequency in yard 
 
0.182 
(0.144-0.220) <0.001 
0.056 
(0.022-0.091) 1.45E-03 
Total time in yard 
 
 
0.061 
(0.049-0.072) <0.001 
0.024 
(0.014-0.035) <0.001 
Greenspace frequency 
 
 
0.164 
(0.139-0.189) <0.001 
0.054 
(0.031-0.077) <0.001 
Park user 
 
 
0.343 
(0.264-0.422) <0.001 
0.133 
(0.061-0.205) <0.001 
View of nature 
 
 
0.201 
(0.103-0.300) <0.001 
0.015 
(0.072-0.103) 0.730 
Yard user 
 
 
0.381 
(0.268-0.493) <0.001 
0.105 
(0.005-0.207) 
0.0397 
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(a) 
 
(b) 
 
(c) 
 
(d) 
 
(e) 
 
(f) 
 
Figure 3.3  Changes in NR experience and NR perspective for six measures of nature dose. 
For (a) how often in yard, (b) time in yard per week, (c) how often pass through greenspace, (d) park user, (e) view of nature from 
home, (f) yard user.  
 
Linear modeling shows that while both NR perspective and NR experience are both significantly 
associated with nature dose for all measures except view of nature from home, for which NR 
perspective does not significantly differ (Table 3.3), NR experience has a higher slope for all measures, 
indicating a 2-3 fold stronger response (Table 3.3).  Additionally, the 95% confidence intervals of the 
slopes reveal no overlap between NR perspective and NR experience, except for a slight overlap 
between them for view of nature from home, which in any case has a non-significant effect on NR 
perspective (Table 3.3).  Taken in sum, these results show that nature dose is more strongly associated 
with NR experience than with NR perspective. 
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3.5 Discussion 
 
This study shows that people who spend more time in nature have much stronger experiential 
connections with nature, but only marginally higher conservation concern, after accounting for a 
number of covariates.  The weakness of the relationship between nature dose and NR perspective 
suggests that experiences of nature alone may not be sufficient to drive conservation concern.  Indeed, 
NR experience and NR perspective were rather weakly correlated, suggesting that enjoyment of nature 
might not necessarily translate into conservation concern.  Indeed, conservation psychologists often 
consider conservation behavior and caring about nature to be two distinct domains, suggesting they are 
two separate pathways that perhaps together lead to sustainability (Saunders, 2003). 
 
Nature relatedness experience is a measure of physical enjoyment of being in nature, so it makes 
intuitive sense that it would be strongly associated with nature dose; the more people like physically 
being in nature, the more time they go out and spend time in it (or, alternatively, as people spend more 
time in nature, they feel more at home and comfortable in it).  This connection is not so strong with NR 
perspective, which is arguably more an intellectual than an experiential measure.  Indeed, there is no 
obvious reason why spending time in nature would make someone understand conservation more.  
Conservation concern is arguably mostly about an intellectual realization that the natural environment 
requires human protection or management and is perhaps best communicated through education or else 
by direct experiences of nature degradation which teach lessons about what happens when the 
environment is overexploited (Hungerford & Volk, 1990).  As originally conceived (Pyle, 1978), the 
extinction of experience arises by directly experiencing the loss of natural environments, and it seems 
plausible that positive experiences of and enjoyment of nature would not prompt concern about 
conservation.  There is also a shifting baseline effect – as time passes, we become used to lower and 
lower levels of nature experiences (Pyle, 1978), and perhaps spending time in the nature that does 
remain does not in itself increase the feeling that nature is under threat.  Perhaps some combination of 
experience and education is important: familiarity with healthy nature combined with an experience or 
knowledge of environmental degradation. This fits in with Inglehart’s  (1995) suggestion that it is a 
combination of abundant natural resources coupled with local degradation that leads to environmental 
concern.  
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Perhaps, ultimately, we need enough experience of nature to care and enough experience of 
degradation to be concerned.  Environmental professionals interviewed by Chawla (1999) cited 
experiences of environmental degradation as formative experiences, and back-to-nature programs 
might address this by featuring experiences of degraded environments as part of their agenda, coupled 
with environmental education.  While environmental education can give us indirect experience by 
telling us about how we are harming the environment, it is direct experience of the environment being 
harmed which is more likely to cause a change in behavior (Rajecki, 1982). 
 
3.6 Limitations 
 
The main limitation of this study involves the inability to determine causality.  So I cannot conclude 
firmly whether nature dose leads to NR experience or vice versa.  The only way to address this would 
be by having longitudinal studies looking at individuals over a course of time and looking at their 
nature exposure and nature relatedness.  This could be done starting at childhood if possible.  Back-to-
nature programs could also shed light on this by having participants respond to nature relatedness 
surveys before and after participating in nature programs, and then following up with them to see how 
long the results last. 
 
3.7 Conclusion 
 
My results suggest that conservation concern is not strongly associated with the amount of nature 
experience a person has, and thus logically, increasing a person’s experiences of nature might not lead 
to an increase in conservation concern. Conservation concern is perhaps better fostered by experiences 
of degraded nature, coupled with fostering an intellectual realization that the Earth’s resources are 
finite and extinction is forever. 
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Chapter 4. All that glitters is not green: Nature related people do not receive greater benefits 
from nature experiences 
 
4.1 Abstract 
 
There is currently much interest in increasing the nature dose that people experience with the goal of 
enhancing their wellbeing.  As such, it is important to discover any factors that might limit the benefits 
people receive from being outdoors.  In this chapter, I determine whether the connection a person feels 
for nature affects the magnitude of cognitive benefits that they receive from it.  I manipulated nature 
dose using viewing photographs as an exposure, and discovered that nature connection does not appear 
to moderate the cognitive wellbeing benefit from exposure to nature.  However, exposure to 
photographs of nature provided only a weak effect and stronger exposure measures should be used in 
future studies. 
 
4.2 Introduction 
 
People receive an enormous range of benefits from experiencing nature, including improved positive 
affect (e.g. playfulness, affection, and elation) reduced fear arousal (R. Ulrich, 1979), stress reduction 
(Largo-Wright, Chen, Dodd, & Weiler, 2011), increased directed attention (M. G. Berman et al., 2008), 
greater happiness (Capaldi, Dopko, & Zelenski, 2014; Nisbet et al., 2011) and empathy (Metz, 2014).  
Nature experiences are also linked with increased pro-environmental behavior (Nisbet et al., 2009) and 
generosity (Weinstein, Przybylski, & Ryan, 2009; J. W. Zhang, Piff, Iyer, Koleva, & Keltner, 2014), 
increased vitality (Ryan et al., 2010) and decreased depression (Shanahan et al., 2016).  Additional 
benefits from experiences of nature include fewer health problems in general (De Vries, Verheij, 
Groenewegen, & Spreeuwenberg, 2003) and shorter hospital stays (R. Ulrich, 1984).  Physiologically, 
experiences of nature can lead to lower heart rate and cortisol levels (J. Lee et al., 2011), and increased 
immune function (Li et al., 2008b).  
 
As a result of this mounting evidence of a broad range of health and wellbeing benefits of nature 
experiences, back-to-nature programs such as Forest Schools are being implemented around the world 
in an attempt to reconnect people with nature, in part for the benefits to health and wellbeing that such 
experiences are known to provide (e.g. Moser, 2017; L. O'Brien & Murray, 2007). From a planning 
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perspective, local governments frequently use area-based targets to ensure a certain amount of green 
space is available to residents, and efforts are made to encourage people to use these spaces (Brisbane 
City Council, 2017). 
 
For such programs to deliver benefits broadly across society, nature benefits must be received by all 
who spend time in nature, yet there is wide variability in the extent and breadth of benefits that various 
people appear to receive from nature experiences (De Vries et al., 2003).  Not everybody receives the 
same benefits from the same dose of nature.  The causes of this variation range from socioeconomic 
factors to personality to familiarity (Cox, Shanahan, Hudson, Fuller, et al., 2017; Cox, Shanahan, 
Hudson, Plummer, et al., 2017; Shanahan et al., 2016).  One plausible driver of this variation which has 
received minimal attention is the strength of a person’s connection with nature.  Perhaps only strongly 
nature-connected people receive substantial benefits from an experience of nature.  Indeed, connection 
to nature itself has been found to correlate with wellbeing, meaningfulness, and vitality (Cervinka, 
Roderer, & Hefler, 2012), and a recent cross-sectional study showed that nature relatedness was 
associated with better social cohesion and higher levels of physical activity (Shanahan et al., 2016).  
This issue is important because even if nature experiences are provided to people through behavioral 
programs or park provision, it might not lead to the desired health and wellbeing benefits for the 
section of the population that has a weak connection with nature. 
 
A study from the field of music offers an interesting analogy.  Undergraduate students who were music 
majors and therefore more familiar with music had a greater decrease in anxiety on listening to music 
than non-music majors (Peretti & Swenson, 1974), suggesting that attitude towards or knowledge about 
something can moderate its beneficial effects.  In a study looking more specifically at the relationship 
between people and nature, perceived restorativeness was found to be a mediator of nature benefits, 
while environmental identity (a measure of nature connection) influenced physiological, but not 
subjective stress (Beil & Hanes, 2013).  This implies that a connection to nature itself may have a role 
in stress and recovery.  For example, in a study on the restorativeness of bird sounds, one participant 
described themselves as “not really an outdoor kind of person,” and their results showed that bird 
sounds were not restorative for them, leading Ratcliffe et al. (2013) to conclude that “individual 
differences in connectedness to nature may also be a relevant factor in the perceived restoration 
potential of birdsong.”  On the other hand, in a study on the restorativeness of petting animals, blood 
pressure was reduced regardless of whether the participants were dog lovers or not (Vormbrock & 
Grossberg, 1988), so people’s attitude towards the animal did not affect the benefit they received from 
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it.  Overall, then, results from the literature so far have been variable, with attitudes being associated 
with positive, negative, or no effect on the benefits received.   
 
There are few studies specifically assessing the importance of nature connection in the delivery of the 
benefits of nature experiences, although at least one study has examined nature connection as a 
mediator of nature benefits and another looked at it as a moderator of affect.  Mayer et al. (2009) 
investigated how connectedness to nature (CN) might act as a mediator to emotional benefits from 
nature after a 10 minute walk in nature or in the city.  While state connectedness to nature (measuring a 
passing characteristic of personality) was found to mediate subjective wellbeing (positive affect and 
ability to reflect), trait connectedness to nature (a permanent characteristic of personality) was not.  
Similarly, a two-week nature intervention study found that trait connectedness to nature did not act as a 
moderator on positive affect and feelings of elevation (Passmore & Howell, 2014).  Nisbet (2011) also 
investigated nature relatedness as a mediator, and found that it did mediate the positive relationship 
between environmental education and vitality.  One study (Bourrier, 2015) showed that participants 
expressing greater liking for nature videos received enhanced nature benefits, while those who disliked 
nature videos received no significant benefits.  This study seems to suggest that liking nature may 
moderate the benefits derived from exposure to nature.  However, since it was a measure of liking 
videos rather than a measure of nature relatedness, it may be reflecting degree of pleasantness rather 
than individual differences in a more fundamental connection with nature. While these results are 
interesting, it remains unclear whether connectedness with nature affects the cognitive benefits 
received.  In this chapter, I assess nature relatedness (NR) and implicit nature connection as potential 
moderators of two measures of cognitive function.   
 
There are two main theories about the restorativeness of nature.  One is Ulrich’s stress reduction theory 
(1991), while the other is Kaplan’s directed attention theory (1995).  Ulrich’s theory is that 
evolutionarily, we find nature a relief from stress and it allows us to relax.  Kaplan’s theory is that 
certain qualities of natural environments allow our “directed attention” (focus) to recover from the 
stress of being used in modern life.  As per Kaplan’s attention restoration theory, we chose executive 
attention tasks involved in directed attention as most likely to show a nature restoration benefit (M. G. 
Berman et al., 2008). 
 
Measuring connection with nature is commonly achieved through the use of explicit questions about a 
person’s relationship with it.  Nisbet’s (2009) nature relatedness (NR) scale is one widely-used 
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example which divides nature connection into three components: self, perspective, and experience.  
Nature relatedness self identifies spiritual and emotional connections to nature, NR perspective focuses 
on cognitive ideas about nature, and NR experience measures the physical enjoyment of spending time 
in nature.  While using such scales is a valid practice, it is important to note that there can be 
drawbacks to measuring attitudes explicitly (i.e., asking people directly how they feel).  For example, 
social desirability may affect nature connection surveys, as people may prefer to be seen as pro-
environmental and answer accordingly (Grimm, 2010; Norwood & Lusk, 2011). 
 
Another way to measure attitudes is through implicit measures (e.g. Greenwald, McGhee, & Schwartz, 
1998), and there has been much recent progress in the development of such measures of association, 
including those for nature (P. W. Schultz et al., 2004).  The most widely used measure of implicit 
associations is the Implicit Association Test (IAT; Greenwald et al., 1998).  The IAT does not rely on 
explicit questioning of the participant, but rather on measuring the strength of the implicit associations 
people have to things using reaction times to word combinations (Wittenbrink & Schwartz, 2007).  It 
has been shown that the implicit association test resists people’s efforts to present themselves in a more 
favorable light (D.-Y. Kim, 2003).  Such a technique can be particularly useful when people may not 
be aware of their attitudes.  Sometimes asking someone outright about their attitude may result in them 
fabricating an answer without even realizing that they are doing so; they just may not have conscious 
access to their higher-level cognitive processes or attitudes (Nisbett & Wilson, 1977a, 1977b; 
Wittenbrink & Schwartz, 2007).  
 
Implicit associations, for example, have been shown to predict voting choices among voters who 
believe themselves to be undecided (Arcuri, Castelli, Galdi, Zogmaister, & Amadori, 2008; Galdi, 
Arcuri, & Gawronski, 2008) and to reduce symptoms among panic disorder clients in psychological 
treatment (Teachman, Marker, & Smith-Janik, 2008).  Implicit attitude about race, but not explicit 
attitude, predicted levels of trust in another (Stanley, Sokol-Hessner, Banaji, & Phelps, 2011), and a 
meta-analysis also found that implicit attitudes predict behavior more accurately than standard self-
report measures (Greenwald, Poehlman, Uhlmann, & Banaji, 2009).  Because measuring nature 
relatedness is so fundamental to my question of whether it moderates the wellbeing effects of nature 
experience, it is important to determine people’s underlying nature connection, not just the connection 
they may think they have.  To obtain a more complete assessment of nature relatedness, I therefore 
measure both implicit and explicit nature connectedness. 
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In this vein, it is also interesting to look at whether explicit and implicit measures are correlated.  Some 
studies have done this and found only a weak association (e.g. Greenwald & Farnham, 2000), while a 
meta-analysis found while most were generally related, there was marked variation in whether they 
were correlated or not (Hofman, Gawronski, Gschwender, & Schmitt, 2005).  Other studies have found 
substantial discrepancies between implicit and explicit measures (Fazio & Olson, 2003; T. D. Wilson, 
Lindsey, & Schooler, 2000).  This has obvious implications for the robustness of results from studies 
that only use one technique.  I therefore explore the association between implicit and explicit measures 
of nature connectedness and how these attitudes relate to the benefits derived from nature using the 
tripartite NR scale.  This allows me to determine whether one element (e.g. self, perspective, or 
experiential) correlates with implicit measures more strongly than another.  This is critically important 
for (i) determining whether explicit and/or implicit measures of nature relatedness moderate the 
relationship between nature exposure and derived benefits, and (ii) informing which measures should 
be used in future research in this area.  Most nature connection experiments solely utilize explicit 
measures of nature connection, and if our results show that implicit measures are not correlated with 
explicit measures and are more predictive of benefits received from nature, it may be important to 
suggest the use of implicit measures in future experiments on nature connection. 
 
My overall aims in this chapter are to (i) determine if nature connection is a moderator of cognitive 
benefits that arise after exposure to nature, (ii) examine whether implicit and explicit attitudes 
differentially moderate the relationship between exposure to nature and cognitive benefits, and (iii) 
investigate how implicit and explicit nature connection measures correlate with each other. 
 
4.3 Methods 
 
4.3.1 Respondents 
 
The experiment took place in March and April 2016, and participants were comprised of first year 
psychology students from the University of Queensland first-year participation pool.  The experiment 
was completed by 88 students (72 female and 16 male, mean age 20.3). 
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4.3.2 Measures 
 
4.3.2.1 Nature Relatedness Scale 
 
The Nature Relatedness (NR) scale is a validated scale developed by Nisbet et al. (2009).  It includes 
21 items and is divided into three components: self, perspective, and experience.  The NR self subscale 
measures emotional connectivity to nature and features items such as “My connection to nature and the 
environment is a part of my spirituality.” The NR perspective subscale measures cognitive connection 
with the environment, and features such items as “The state of nonhuman species is an indicator of the 
future for humans.”  The NR experience subscale is a measure of enjoyment of actually being in nature, 
and features such items as “I enjoy digging in the earth and getting dirt on my hands.”  Participants 
were asked to rate how much they agreed with each item on a scale of 1 to 7, from “strongly disagree” 
to “strongly agree.”  All items were averaged to produce an overall nature relatedness average score, 
and also individually for each of the three subscales, resulting in a total of four scores.  Higher scores 
indicate stronger nature relatedness.   
 
4.3.2.2 Environmental Identity Scale 
 
The Environmental Identity (EID) scale is a 24-item scale that measures explicit connection to nature, 
as one overall dimension (Clayton & Opotow, 2003).  Sample items include “Being a part of the 
ecosystem is an important part of who I am” and “I feel I have a lot in common with other species.”  
Participants were asked to rate on a 7-point response scale how strongly they agreed with each item, 
ranging from “strongly disagree” to “strongly agree.”  The 24 items were then averaged to give an 
overall score, with higher scores representing greater environmental identity.  
 
4.3.2.3 Implicit Association Test 
 
I also measured connection to nature implicitly, using the Implicit Association Test (IAT). The IAT is a 
word-sorting task that is taken on a computer (see Fig. 4.1).  Words are presented in the center of the 
computer screen, one at a time, and participants must sort each word into one of the two categories that 
appear in the upper left and right-hand corners.  First, participants practice sorting words (such as 
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“nice” and “horrible”) into the categories “good” and “bad.”  Then the categories change, this time to 
“nature” and “built.”  Now participants have to sort the words into those two categories, including such 
words as “flowers” and “building.”  For the critical test trials, the two sets of categories are combined.  
That is, the left category is “good or nature” and the right category is “bad or built.”  Now participants 
practice sorting words into these combinations of categories.  During this task they can get either 
good/bad words such as “horrible” and “nice” or nature/built words such as “flower” or “car.”  
Participants who have a stronger implicit association between nature and good will find it easier to 
respond when these two concepts are represented by the same response key, and thus their 
classification will be more rapid under these circumstances.  Finally, the last component of the test 
involves combining “good or built” in the left category together and “bad or nature” in the right 
category.  Participants who have a stronger implicit association between nature and bad will show the 
opposite pattern of response.  That is, they will find it easier to respond when good and built are 
represented by the same response key, and thus their classifications will be more rapid under these 
circumstances.  In this manner, the differential speed with which people classify concepts when the 
concepts require the same vs. a different response key can be used to assess implicit associations. By 
comparing the speed of responses in these two versions of the combined-category tasks (“good-nature” 
versus “good-built”), I arrived at an IAT score which reflects implicit or automatic nature attitude.  The 
IAT was scored in such a way that higher numbers reflect a greater connection to nature. 
 
The IAT used in this study was based on the Project Implicit IAT (Gonsalkorale, Nosek, Banaji, & 
Greenwald) and a nature IAT (P. W. Schultz et al., 2004), with 180 trials as follows:   
 
Practice Nature/Built 20 trials 
Practice Good/Bad 20 trials 
Test combined (i.e. “good-nature”) categories 20 practice trials 
Test combined categories 40 trials 
Practice Built/Nature 20 trials 
Test opposite combined (i.e. “good-built”) categories 20 practice trials 
Test opposite combined categories 40 trials 
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Figure 4.1  Participant’s view of the IAT. 
 
The IAT was scored following the protocol of Greenwald et al. (2003).  Practice blocks were dropped, 
and only the test trials were scored.  Highs and lows were recorded to a minimum of 300 ms and a 
maximum of 3000 ms (windsorized) and then the latencies were log transformed before averaging.  
Trial error latencies were included. 
 
4.3.2.4 Mood measures 
 
Because viewing photographs could have affected mood and therefore influenced cognitive 
performance (Isen, Shalker, Clark, & Karp, 1978), it was important to also measure mood.  Mood was 
measured in two ways, firstly using the Positive and Negative Affect Schedule (PANAS; D. Watson, 
Clark, & Tellegen, 1988), which is the standard measure of mood and used by most studies in this field.  
The PANAS asked participants to rate, on a scale of 1 to 5, how they felt at that moment.  Sample 
words were “enthusiastic,” “interested,” and “determined.”  An overall score was then determined for 
the positive affect words (10 items) and a separate score for the negative affect words (10 items), 
resulting in two scores.  
 
Some authors have argued that the PANAS is a high-arousal indicator of mood, and therefore not 
always appropriate (Barrett & Russell, 1999; Harmon-Jonens, Harmon-Jones, Abramson, & Peterson, 
2009).  A lower-arousal measure of mood might more accurately reflect the kind of relaxed mood-
benefit I expected to see in the participants, so I chose to also include the circumplex model, which 
contains a low-arousal measure of mood, the pleasant-deactivated scale (Barrett & Russell, 1999).  The 
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circumplex model also asked participants to rate their mood at that moment on a scale of 1 to 5, and 
sample words (in the pleasant-deactivated portion of 4 items) included “content,” “serene,” and 
“relaxed.”    
 
4.3.2.5 Backward Digit Span Task 
 
One measure of cognitive function was assessed using the Backward Digit Span (BDS) task (M. G. 
Berman et al., 2008).  This task consists of giving participants a set of numbers and then having them 
return them in reverse order.  Number sequences are given through an audio headset and returned by 
typing on the computer.  First the participant listens to a set of numbers, and then they have to input 
them into the computer in reverse order (see Table 4.1).  Numbers sequences start out at three digits 
long and continue up to nine digits long, with two sets of each length given.  Two scores are calculated: 
one based on how many of the trials are completed correctly and one on how many individual digits are 
returned correctly.  Higher scores indicate better performance. 
 
Table 4.1 Examples of BDS number sets. 
Example of prompt Correct response 
361 163 
2685 5862 
48950 05984 
 
4.3.2.6 Attention Networking Task 
 
The other cognitive measure was the Attention Networking Task (ANT), which was obtained through 
the website of Jin Fang at http://www.sacklerinstitue.org/ users/jin.fan/.  The attention networking task 
consists of an arrow presented on a computer screen to which participants have to respond by pressing 
a left or a right key depending on the direction of the arrow.  In the “alerting” trials, a central asterisk 
cue is given alerting participants that an arrow is coming, but not giving them any indication as to 
whether the arrow will be above or below the center cue.  In the “orienting” trials, a cue is given that 
orients the participant’s attention to whether the arrow will be coming above or below the central cue.  
In the “executive attention” trials, two flanking arrows are present on each side of the main arrow either 
in the same direction (congruent) or in the opposite direction (incongruent) (Fig. 4.2).  It is presumed 
 64 
that the incongruent arrows will lessen the participants’ accuracy in responding to the direction of the 
central arrow.  The attention networking task comprises different kinds of trials (Table 4.2).  The study 
of Berman et al. (2008) showed a nature benefit in the “executive attention” portion of the task, so that 
was the portion I expected to see a benefit in.  Following the procedure of that study, I measured 
performance as the difference in accuracy and response time between the congruent and the 
incongruent trials. 
 
Table 4.2  Trials in the attention networking task 
ANT Trials 
96 congruent 
96 incongruent 
72 spatial-cue 
72 center-cue 
72 no-cue 
72 double-asterisk-cue 
96 no flanking stimuli 
 
 
 
+ 
 
 
 
 
* 
 
* 
+ 
 
 
+ 
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No cue  Center cue Spatial cue Congruent trial Incongruent 
trial 
    
Figure 4.2  Sample computer screen displays. 
Center arrow pointing in the same direction represents congruent trials and center arrow pointing in a different direction 
represents incongruent trials. Spatial cue directs attention below or above the center.  Figure adapted from Berman et al. (2008). 
 
4.3.2.7 Photographs 
 
The exposure for this study consisted of the presentation of a series of photographs over 10 minutes, 
each of which participants were asked to rate on a scale of 1 to 3 (from dislike to like).  The rating 
activity was used only to ensure that participants paid close attention to the photographs.  The 
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photographs were presented on a computer screen individually to each participant, nature photographs 
during one day and urban photographs another day.  There were 50 nature photographs which were 
landscape scenes from Nova Scotia and 50 city photographs which were urban scenes from Ann Arbor 
(Fig. 4.3).  A previous study using local photographs taken in Brisbane is described in appendix C.  
Each photograph was displayed for 7 seconds followed by a pause for participants to provide their 
rating before moving on to the next photograph.  Participants were exposed to either nature or urban 
photographs the first week and then the opposite set the next week, with the order counterbalanced.  
 
 
Figure 4.3  Sample (a) nature photo and (b) urban photo 
 
4.3.2.8 Design 
 
The experiment was a within participant exposure divided into two parts – nature exposure and urban 
exposure.  I based my methods on experiment 2 in the Berman et al. (2008) study which was a repeated 
measures study on the restorative effects of nature on cognitive function.  In that study, participants 
completed two cognitive tasks, after which they viewed photographs of nature, and then completed the 
two cognitive tasks again.  I used the same cognitive tasks and the same urban and nature photographs. 
To test my primary hypothesis regarding the moderating role of nature relatedness, I measured nature 
connection using the nature relatedness scale, the environmental identity scale, and an implicit 
association test.  The cognitive tasks were the backwards digit span task and the attention networking 
task. 
 
The purpose of the experiment was to test the hypothesis regarding the moderation role of nature 
relatedness, by inducing a benefit due to nature exposure in two cognitive tasks and then to measure 
connection to nature to determine if it was moderating the nature benefit effect (Table 4.3).  I did this 
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by (i) having participants report their mood so I could account for its effects on task performance, (ii) 
having them undertake two cognitive tasks, (iii) having them view photographs of either restorative 
(nature) or non-restorative (urban) settings, (iv) having them take the two cognitive tasks again to 
measure the magnitude of any improvement, (v) having them report on their mood again so I could 
account for changes due to the restorative nature of the photographs, and finally (v) having them 
complete explicit and implicit nature connection instruments that I could use to test for moderation 
effects.  All participants participated in the experiment twice, approximately one week apart, one time 
looking at nature photographs and the other time looking at urban photographs.  The order of 
photograph presentation was randomized. 
 
Table 4.3  Order of tasks for the experiment. 
Task 
Measure mood 
Complete the backward digit span task 
Complete the attention networking task 
Exposure to photographs 
Complete the backward digit span task 
Complete the attention networking task 
Measure mood 
Complete the nature relatedness scale and the 
environmental identity scale or the implicit 
association test 
Record demographics 
 
4.3.2.9 Analysis 
 
To test for the cognitive benefits of nature, I used a repeated measures ANOVA including one of the 
nature connection measures at a time, as well as the covariates of gender and age.  Additionally, a 
nature benefit was also tested for using paired t-tests.  The moderating effect was tested with 
randomized general linear models using the covariates of gender and age with one nature connection 
measure at a time for the backward digit span scores. 
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4.4 Results 
 
The experiment was completed by 88 students.  Of these, 72 were female and 16 were male.  The mean 
age was 20.3. 
 
4.4.1 Explicit and implicit nature connection measures 
 
Most of the explicit measures correlated with each other, except for NR perspective and NR experience 
(Table 4.4).  The IAT did not significantly correlate with any other measure, except for being 
marginally correlated with NR perspective.  This suggests that careful consideration must be given to 
potential differences between explicit and implicit measures of connection with nature. 
 
Table 4.4  Correlations among nature relatedness measures 
 NR self NR perspective NR experience EID 
NR perspective 0.352***    
NR experience 0.450*** 0.0689   
EID 0.765*** 0.249*** 0.914***  
IAT 0.0991 0.509” -0.0108 0.310 
Significance codes: p<0.001***, <0.01**, <0.05*, <0.1”  
 
4.4.2 Differences in cognitive performance between exposure to urban and rural photographs 
 
For nature relatedness moderated the cognitive benefits of nature exposure, a benefit needs to be 
present.  A repeated measures ANOVA showed that time (pre/post photo viewing) and treatment 
(urban/nature photographs) did not have a measurable effect on cognitive performance as measured by 
either the BDS (estimate = 0.273; p = 0.528) or the ANT (estimate = 0.013; p = 0.678).  These findings 
imply that viewing photographs of nature did not improve cognitive performance. However, using a 
paired t-test for the number of trials correct in the BDS task, I found that mean BDS trials correct score 
was significantly higher after exposure to nature photographs (mean before = 0.492; after = 0.532; t = -
2.68, df = 87; p = 0.009), but not after exposure to urban photographs (mean before = 0.491; after = 
0.518; t = -1.69; df = 87; p = 0.095).  These results show that there was indeed a nature benefit effect, 
but that it was not strong enough to be detected by the ANOVA.  
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For the ANT task reaction time scores, paired t-tests showed a positive effect for both nature (mean 
before = 93; after = 83.2; t = 2.90, df = 87; p = 0.005) and urban photographs (mean before = 89.5; 
after = 82; t = 2.09; df = 87; p = 0.039), indicating a possible practice effect for this task.  This is where 
improvement in scores occurs as a participant performs the task for a second time, regardless of 
whether the photographs were urban or rural. 
 
4.4.3 Moderation 
 
Once I had established that at least some measured nature benefit effects were present, I went on to test 
whether the strength of connection to nature moderated these effects.  Several moderated multiple 
regression analyses were run to test whether nature connection (measured explicitly and implicitly) 
moderated the relationship between exposure to nature and cognitive performance (appendix D).  None 
of the nature connection measures moderated the difference in performance on the backward digit span 
trials correct task after exposure to photographs of nature (NR self: estimate = 0.123, CI = -0.833-1.08, 
p = 0.801; NR perspective: estimate = 0.106, CI = -0.945-1.56, p = 0.844; NR experience: estimate = 
0.033, CI = -0.738-0.804, p = 0.933; EID: estimate = 0.108, CI = -0.823-1.04, p = 0.821; IAT: estimate 
= -0.524, CI = -3.17-2.12, p = 0.698).  Thus, despite nature photographs leading to significantly 
improved BDS trials correct scores, a person with stronger nature relatedness did not experience a 
greater improvement. 
 
4.4.4 Mood 
 
For mood, t-tests showed a drop in positive mood (the PANAS positive score) after completing the 
tasks in both nature (mean before = 24.3; after 18.6; t = 9.94, df = 87, p<0.001) and urban photograph 
(mean before = 24; after = 18.3; t = 11.3; df = 87; p<0.001) exposures.  Mood, as measured by the 
pleasant deactivated measure of the circumplex model did not change after either nature (mean before 
= 10.7; after = 9.8; t = 3.20; df = 87; p = 0.055) or urban exposure (mean before = 10.1; after = 9.66; t 
= 1.70; df = 87; p = 0.392).  This suggests that in general, positive mood dropped or stayed level after 
completing the tasks and looking at the photographs.  
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4.5 Discussion 
 
While some studies put people in situ to investigate health and wellbeing benefits of experiences of 
nature, many studies have used photographs and videos as a proxy.  In one such study, Ulrich (1981) 
found that nature photographs had effects on alpha amplitude and emotional state, and in another (R. 
Ulrich, 1979), that nature slides increased positive affect and decreased fear arousal.  Using videos, he 
found that nature videos increased physiological and affective recovery after watching a stressful video 
(R. S. Ulrich et al., 1991).  Berman (2008) found that nature photographs improved cognitive 
performance, as did Berto (2005) with sustained attention.  Laumann (2003)  found that nature videos 
reduced autonomic arousal and heart rate during an attention-orienting task. Tennessen (1995) found 
that university students performed better on a directed attention task when they had a view of nature 
through a window, while Ulrich (1984) found that hospital patients with a nature view from their 
window had shorter hospital stays. 
 
Although one of my cognitive performance measures showed measurable improvement after exposure 
to natural but not urban photographs, I did not find a strongly consistent positive effect of nature 
exposure across all measures.  However, careful examination of the literature yields other studies that 
also were unable to show strong beneficial effects of exposure to photographs of nature (e.g. Bourrier, 
2015; Bratman, Daily, et al., 2015; Lethbridge, Yankou, & Andrusyszyn, 2005).  Both Bourrier (2015) 
and Bratman (2015) did not replicate the findings of Berman et al. (2008) with the backward digit span 
and the attention networking task, although my study echoed the findings of Berman et al. almost 
exactly, in that the ANOVA did not show an effect, while the t-test did.  Other studies have revealed 
interesting differences between in-the-field studies and viewing photographs or videos.  For example, a 
walk in the field increased directed attention, while the same walk shown on video decreased it 
(Gatersleben & Andrews, 2013).  Another study found that watching nature TV did not improve 
directed attention, and concluded that watching nature on TV could not replace a real restorative 
experience (Berigan & Pielage, 2013).  Mayer et al. (2009) and Berman et al. (2008) both found that 
while nature photographs or videos did restore attention, the effect was not as great as taking a walk in 
nature.  Overall, I conclude from the present study and in the light of similar literature that the 
cognitive benefits of exposure to nature photographs is rather weak.  This occurred even though I had a 
relatively large sample size of 88 participants in the present study.  There are many effects of nature 
beyond the visual sense (Franco et al., 2017), and perhaps simple photographs are not enough of an 
exposure, and some form of multi-sensory immersion or a direct experience of nature (Keniger, 2013) 
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is required.  Furthermore, while there are a large number of studies that explore the benefits of nature 
for health and wellbeing, it is possible that there is a publication bias where studies with null or 
negative findings are less frequently published.  This could lead to misleading conclusions about the 
effectiveness of certain types of nature exposures, such as photographs. 
 
I found that none of the connection to nature measures (the NR subscales, the EID, and the IAT) 
moderated the cognitive benefits of nature exposure.  Thus, I found no evidence that the benefits people 
receive from an experience of nature are dependent on the strength of their nature connection.  
However, given the present study only detected rather limited benefits of exposure to nature 
photographs, similar tests with stronger exposures to nature may be required to confirm there are no 
moderating effects of connection with nature.   
 
4.5.1 Correlation between nature connection measures 
 
Reflecting the findings of Nisbet (2009), I found a close correlation between most of the measures of 
explicit nature connection, that is NR self, NR experience, and the EID.  NR perspective and NR 
experience were not significantly correlated, suggesting that NR perspective and NR experience are 
measuring quite different aspects of nature relatedness (see chapter 3 for a discussion of this topic).  
For the implicit measure, the IAT, I saw no correlations with the explicit measures of nature 
connection, perhaps as a result of (i) motivational bias to appear more environmental in the NR, (ii) an 
inability to introspect and find true attitudes using an explicit scale, or (iii) a difference in what 
constructs the IAT and NR scales are actually measuring (Hofman et al., 2005).  I saw a near-
significant correlation between the IAT and NR perspective, implying that of the NR measures, NR 
perspective is the most closely related to the IAT. 
 
4.6 Limitations 
 
Some of the limitations of the present study include the inability to generalize to real world benefits 
and experiences.  Using photographs and standardized cognitive tasks measures a very specific set of 
benefits and experiences under controlled conditions, and the results might not translate into real world 
experiences.  My study had strong statistical power, and seems to show that nature connection does not 
have a moderating effect on the cognitive benefits of exposure to nature photographs, although there 
could be other moderators that I did not measure. 
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Because I did not see a nature benefit in the repeated measures ANOVA, it is also important to 
consider whether looking at 10 minutes of nature photographs is enough exposure to receive a nature 
benefit.  It appears that a video of nature can provide more benefits (Bourrier, 2015), and an actual 
walk in nature even more (Gatersleben & Andrews, 2013).  For future studies, I recommend repeating 
this study but with a more robust nature exposure such as a walk out in nature.  Studies that have done 
this have used walks between 10-55 minutes.  This could help determine if nature relatedness is a 
moderator of nature benefits when there are stronger nature effects. 
 
4.7 Conclusion 
 
My results imply that nature photographs can have a weak positive effect on cognitive function only 
measurable by some tasks.  Most importantly, I have also shown that nature relatedness was not a 
moderating factor for cognitive benefits arising from looking at nature photographs.  This suggests that 
programs to encourage the public to spend more time outdoors experiencing nature will deliver benefits 
across the whole population, not just that fraction that is already strongly connected with nature. 
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Chapter 5. Pathways to action: Conservation behavior and nature relatedness 
 
5.1 Abstract 
 
According the extinction of experience hypothesis, pathways leading to conservation behavior follow 
the route from nature experience to concern for nature to conservation action.  I tested the steps in this 
theory by investigating how nature exposure affects nature connection and how nature connection 
affects conservation behavior.  Contrary to expectations, conservation concern was not associated with 
nature experiences or with conservation behavior.  Rather, identifying one’s self with nature was 
associated with conservation behavior.  This finding implies that the conservation behavior pathway 
does not take place via conservation concern, but rather via an emotional connection to nature. 
 
5.2 Introduction 
 
As a result of the current rate of environmental destruction, there is a high incidence of extinction 
among many species (Brook, Sodhi, & Ng, 2003; Butchart et al., 2010; Koh et al., 2004).  In the 
Amazon, for example, the rate of deforestation is currently 5,831 square kilometers per year with only 
81.2% of the 1970 forest cover remaining (Butler, 2016).  Current predictions are that up to 50% of all 
species will be lost to extinction within the next 50 years (Pimm & Raven, 2000; Thomas et al., 2004).  
A study in Britain found that there had been a 28% decrease in native plant species, 54% decrease in 
native bird species, and 71% decrease in butterfly species over the last 20-40 years (Thomas et al., 
2004).  Many of the pressures giving rise to habitat loss and extinction are accelerating (Steffen, 
Broadgate, Gaffney, & Ludwig, 2015). 
 
Contemporaneously with this worsening environmental crisis has been a dramatic increase in 
environmental concern and behavior, with responses ranging from designation of more than 200,000 
protected areas globally and policy agreements to curb some of the threats to biodiversity around the 
world, to the adoption of newer, cleaner technologies (Rands et al., 2010; J. E. Watson, Dudley, Segan, 
& Hockings, 2014).  To contribute to this global conservation effort, one of the goals of many 
environmental organizations is to promote pro-environmental behaviors and attitudes among the 
broader public to help reduce the rate of environmental decline and decrease the negative impacts of 
human activities (e.g. The Nature Conservancy; World Wildlife Fund).  Some of these strategies rely 
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on the assumption that concern for the environment equates to pro-environmental behavior (Kollmuss 
& Agyeman, 2002).  However, a long research tradition in psychology demonstrates that people’s 
attitudes do not necessarily predict behavior.  La Piere’s (1934) seminal research in this field, for 
example, demonstrates that despite strong anti-Chinese prejudice across the US in the 1930’s and 
establishments claiming they would refuse service to anyone Chinese, Chinese people were genially 
served in hotels and restaurants across the country. 
 
The fact that attitudes may not always lead to behavior consistent with those attitudes has led to interest 
into whether this is the case for conservation and curiosity about what does drive conservation 
behavior.  One study found that an expansion of attitude into the moral domain of responsibility is 
necessary to explain conservation action (Kaiser, Ranney, Hartig, & Bowler, 1999).  Other researchers 
believe that focusing on ethics rather than just self-interest is the best way to foster conservation 
behavior (Clayton & Myers, 2015).  Some of the foundations for conservation behavior have been 
found to be knowledge, sense of control, verbal commitment, and sense of responsibility (Hines, 
Hungerford, & Tomera, 2010; Newhouse, 1990).  Behavioral difficulty was found to moderate the 
relationship between attitude and behavior (Kaiser & Schultz 2009), while another study found that 
there were no unifying variables that could predict general environmental behavior (Mackenzie-Mohr 
et al. 1995). 
 
Feelings of connection to nature are one way to explore the likelihood of pro-environmental behaviors, 
and there are several previous studies that have considered how nature-orientation influences 
conservation behavior.  Nisbet (2009) investigated pet ownership, vegetarianism, organic purchases, 
fair trade purchases, organization membership, participation in nature activities, and self-report as an 
environmentalist, discovering that the score on the Nature Relatedness Scale was a better predictor of 
these behaviors than the New Ecological Paradigm, the New Ecological Consciousness scale, and the 
affect portion of the Ecology scale.  These are all alternative measures of environmental attitude, but 
clearly relate differently to expressed behaviors.  In another study, the connection to nature scale 
correlated moderately strongly to environmental perspective-taking and environmentalism (Mayer & 
Frantz, 2004).  A study on zoo visitors found that conservation caring, as fostered by seeing the 
animals, predicted “species oriented behavior” but not “biodiversity oriented behavior” (Skibins & 
Powell, 2013).  Another study on middle-class communities found that general environmental attitudes 
correlated with only one aspect of “green-buying” behavior, but not the majority of environmental 
behaviors (Mainieri, Barnett, Valdero, Unipan, & Oskamp, 1997).   
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One particular study used two fundamentally different kinds of nature connection, implicit and explicit, 
to investigate links with conservation behaviors (Geng, Xu, Ye, Zhou, & Zhou, 2015).   This study 
showed that explicit measures predicted deliberate behaviors (measured by a self-report of 
environmental behaviors), while implicit measures predicted spontaneous behaviors (turning down a 
plastic bag at the end of the experiment). 
 
In an earlier chapter (3), I showed that the different subscales of the nature relatedness scale (NR self, 
NR perspective, and NR experience) responded differently to nature dose.  In this chapter I test the idea 
that they might also relate differently to aspects of conservation behavior.  Many studies rely on a 
single measure of nature connection (Tam, 2013) and so do not untangle the potentially different 
effects of different aspects of nature connection.  Of the three subscales of the nature relatedness scale, 
one might expect that NR perspective will relate most strongly to conservation behavior, as it is 
specifically a measure of conservation concern with items such as “humans have the right to use natural 
resources any way we want” and “conservation is unnecessary because nature is strong enough to 
recover from any human impact. 
 
In addition to nature connection, one other factor that might influence conservation behavior is the 
extent to which a person spends time in nature, experiencing a “nature dose” (Shanahan, Fuller, et al., 
2015).  There is a widely expressed concern that as a person spends less time in nature, their connection 
to nature will decrease and they we will care about it less.  Since the person now cares less about 
nature, they we will spend even less time in it, and thus perpetuate a cycle of “disaffection and apathy” 
(Miller, 2005; Pyle, 1978).  This hypothesis relies on the assumption that spending time in nature fuels 
concern for nature.  While there have been no definitive studies supporting this argument, the idea has 
been broadly adopted by the conservation community (Miller, 2005).  Programs have been designed to 
encourage people to spend more time in nature under the assumption that it will foster a deeper 
connection with and concern for nature (see chapter 3).  Yet we do not yet know if such a causal 
pathway exists.  It is thus critically important to determine whether nature exposure is, in fact, 
associated with conservation concern and whether conservation concern leads to conservation behavior. 
 
In this chapter, I investigate the relationship between nature dose, nature connection, and conservation 
behavior, to determine whether they are consistent with the idea that dose begets connection, which in 
turn begets behavior.  Since I am interested in mapping out a pathway that might lead to conservation 
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behavior, I also evaluated environmental education as another predictor of nature connection, and 
included life satisfaction as a covariate that might also predict behavior, as people’s overall attitudes 
and how they felt about life might affect how they relate to nature (Pavot & Diener, 2008). 
 
In this study, I aim to (i) measure whether different kinds of nature connection relate to different kinds 
of conservation behavior, (ii) examine whether nature dose and environmental knowledge are 
associated with conservation behavior, and (iii) determine whether any of the predictors of 
conservation behavior are mediated by the strength of a person’s connection with nature.  I achieve this 
using a participant pool of conservation volunteers, a highly motivated sample population, to minimize 
issues of low power driven by low rates of pro-environmental behavior that might be found in the 
broader population. 
 
5.3 Methods 
 
5.3.1 Respondents and procedure 
 
This study focused on volunteers and members of a wildlife sanctuary in New Zealand.  The sanctuary 
has ~11,000 members and >600 volunteers, and as such the participants were drawn from a large pool 
of people.  A survey was sent out in two monthly bulletins (targeting members) and three weekly 
bulletins (targeting volunteers) between May and June 2017.  A total of 195 participants responded, 
and 135 (90 female and 44 male, 1 unspecified; mean age 51.17 years) completed all tasks. 
 
Participants completed an online survey distributed via qualtrics (Appendix E), and an online computer 
task.  The survey consisted of demographics, the Satisfaction with Life Scale (to account for general 
affect), the Natural Relatedness (NR) Scale (a measure of connection with nature), a conservation 
behavior survey, an environmental literacy survey, and a nature experience exposure survey.  These 
scales were presented in a randomized fashion to eliminate order effects. The computer task was an 
online version of the Implicit Association Test (IAT), a word-categorizing task designed to measure 
automatic associations (see chapter 4 for a detailed discussion of this task).  The IAT was always 
presented last as it required participants to be redirected out of the qualtrics survey to a platform 
capable of measuring millisecond reaction times. 
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5.3.2 Measures 
 
5.3.2.1 Demographics 
 
Demographics data was comprised of age, gender, income, number of children living at home, 
education, and employment.  Income included 11 options ranging from nil to $2000 or more a week.  
Education included 11 options, ranging from Year 9 or below to a post-graduate degree. 
 
5.3.2.2 Conservation Behavior Survey 
 
I measured conservation behavior using 31 questions divided into four categories: stewardship (9 
items), consumerism (6 items), civic (11 items), and household behavior (5 items).  The questions were 
loosely based on a pamphlet entitled “Branding Biodiversity” (Futerra, 2015) and a survey by Markle 
(2013), as well as including behaviors expected to be shown specifically by the participants in this 
study. Participants were asked to rate on a scale of 1 to 5, from never to as much as possible, how often 
they participated in the stated activities.  Sample activities of each type are as follows: civic – “signed a 
petition advocating for environmental issues,” stewardship – “planted trees or shrubs in your garden to 
attract wildlife,” household – “turned of the lights when leaving a room,” and consumer – “avoided 
unrecyclable packaging.” 
 
5.3.2.3 Satisfaction with Life Scale 
 
The Satisfaction with Life Scale, developed by Diener et al. (1985), consists of 5 questions, and is a 
measure of wellbeing.  It asks participants to rate, on a scale of 1 to 7 from strongly disagree to strongly 
agree, how much they agree with the statements provided.  Statements included items such as “In most 
ways, my life is close to ideal.” 
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5.3.2.4 Environmental Literacy Survey 
 
This survey was derived from a longer survey by O’Brien (2007) developed for a PhD thesis.  Two 
questions were selected to ascertain participants’ environmental awareness/literacy and where they 
learned about environmental issues.  Participants were asked to self-rate how much they knew about 
environmental matters compared to the others in the community on a scale of 1 to 5, from nothing to a 
lot.  They were then asked to quickly list up to 5 global issues affecting the environment and were 
given a score from 1 to 5 based on how many they listed. 
 
5.3.2.5 Nature Experience Exposure Survey 
 
Nature exposure was measured using three different scales.  The first two were from the Nature 
Experience Exposure Survey, which consisted of measures adapted from the Natural Environment 
Exposure Scale (NEES; Pensini et al., 2016).  Eight natural environments were listed (such as “beach” 
and “forest”) and participants were asked how often they spend time in that environment on a scale of 1 
to 5, ranging from never/rarely (once or twice per year) to often (more than once per week).  
Participants answered this with regard to the present time and during childhood (under the age of 18).  
Participants also responded to a question taken from Shanahan et al.  (2016) asking how often people 
spent visit greenspaces on a scale of never to 6-7 days a week. 
 
5.3.2.6 Nature Relatedness Scale 
 
The NR scale, developed by Nisbet et al. (2009) consists of 21 questions.  It is designed to measure 
explicit (that is, conscious or deliberate) connection to nature.  It is a tripartite scale, comprised of NR 
self – an emotional connection to nature, NR perspective – an intellectual connection to nature, and NR 
experience – an experiential connection to nature.  Participants were asked to rate on a scale of 1 to 5, 
from disagree strongly to agree strongly, how much they agreed with the statements provided.  The 
statements included such items as “My connection to nature and the environment is part of my 
spirituality” (NR self), “Some species are just meant to die out or become extinct” (NR perspective), 
and “I enjoy being outdoors, even in unpleasant weather” (NR experience). 
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5.3.2.7 Implicit Association Test (IAT) 
 
The IAT is designed to measure an individual’s implicit (or automatic) connection to nature (P. W. 
Schultz et al., 2004).  The task I used is specifically designed to measure how closely individuals relate 
their sense of self to nature as opposed to the built environment.  It involves a single word in the center 
of the computer screen that must be categorized into one of two categories.  At the top left and right 
corners of the screen are the categories, and participants have to press either the left key or the right key 
to sort the words presented in the center of the screen into those categories.  First, they practice 
categorizing a series of words into either the category of “me” (e.g. I; mine) or “not me” (e.g. them; 
they).   Then they have to practice categorizing words into the categories of “nature” (e.g. flower; tree) 
or “built” (e.g. building; car).  The participants are asked to make each classification as quickly as 
possible, and once respondents practiced them individually, the two sets of classifications were then 
presented simultaneously.  That is, they categorize words into either “me or nature” together on the 
right, or “not me or built” together on the left.  People who have stronger implicit association between 
themselves and nature will find it easier to respond when these two categories (i.e. me and nature) are 
represented by the same response key.  As a consequence, their categorization will be more rapid under 
these circumstances.  Then, participants sort them into the reverse association, that is “me or built” 
together on the right, and “not me or nature” together on the left.  The speed of responses to this will 
show how much they associate the concept of “me” with the built environment.  In this manner, the 
differential response speed with which people classify concepts when the concepts require the same 
versus a different response key can be used to assess implicit associations.  The difference in scores 
between the two main tasks (“me or nature” versus “me or built”) will yield a final score which 
indicates how nature connected someone is, with higher scores indicating more affinity for nature. 
 
5.4 Results 
 
Out of a total of 195 participants who responded, 135 (90 female and 44 male, 1 unspecified; mean age 
51.17 years) completed all the tasks.  Participants answered a number of subscales on nature 
connection.  For these nature relatedness scores, the strength of correlation among the variables is 
shown in Table 5.1.  As might be expected, several of the NR variables were significantly correlated, 
although notably, the IAT was not correlated with any of the NR subscale scores, again suggesting (see 
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chapter 4) that the IAT is measuring an aspect of connection with nature that is distinct from the 
explicitly framed nature relatedness scale. 
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Table 5.1  Correlation between study variables.  
Significance codes: p<0.001***, <0.01**, <0.05*, <0.1”. 
Estimate 
(CI) 
NRself NRpersp NRexp IAT Civic Steward Household Cons-
umer 
Know-
ledge 
SLS Adult 
dose 
NRpersp 0.416**
* 
          
NRexp 0.486**
* 
0.120          
IAT 0.067 -0.054 0.192         
Civic 0.424**
* 
0.173** 0.232** 0.083        
Steward 0.218**
* 
0.051 0.220**
* 
0.768 0.480**
* 
      
Household 0.317**
* 
0.118 0.130 0.876 0.297** 0.292**      
Consumer 0.309**
* 
0.116* 0.092 0.403 0.309**
* 
0.150” 0.373***     
Knowledge 0.237** 0.045 0.239** -0.034 0.329**
* 
0.257* 0.027 -0.013    
SLS 0.951* -0.003 0.017 0.016 0.026 0.045 0.120** 0.038 -0.006   
Adult dose 0.253**
* 
-0.004 0.436**
* 
0.025 0.201* 0.437**
* 
0.160* 0.218* 0.124 0.149  
Child dose 0.158* -0.003 0.122” 0.088 0.186* 0.314**
* 
0.108 0.145 -0.001 0.121 0.446**
* 
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To determine if different kinds of conservation behavior differentially relate to different kinds of nature 
connection, I assessed how the various subscales of conservation behavior (civic, stewardship, 
household, and consumer) were associated with the different subscales of the nature relatedness scale 
(self, perspective, and experience).  I achieved this by creating linear regression models which included 
the demographics as well as the three NR subscales and the IAT as predictors of conservation behavior.  
There were five models in total, one for the total average score for all conservation behaviors and one 
for each subtype of conservation behavior (Tables 5.2 and 5.3).  These analyses revealed that NR self 
predicted overall conservation behavior, as well as the civic, household, and consumer behavior 
subscales such that people with higher NR self were more likely to exhibit environmental behaviors.  
The only subtype which was not correlated with NR self was stewardship, and this may have been due 
to the fact that the behaviors in this section tended to be those that people do infrequently even if they 
are active conservationists.  I also found that gender predicted average and consumer behavior, with 
women performing the behaviors more often, while age predicted civic behavior, with younger people 
more likely to engage in the behavior. 
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Table 5.2  Predictors of conservation behavior using linear regression models.   
Each row in the table represents a full model, and the beta coefficient (95% confidence intervals) for each predictor variable is given, together with a significance code 
(p<0.001***, <0.01**, <0.05*, <0.1”).  Gender is coded with female as 0, so a positive beta value indicates males have a greater expression of conservation behavior. 
 
 SLS Age Gender Income Education NR self NR persp NR exp IAT 
CB Ave. 0.044 
(-0.037-
0.418) 
-0.005” 
(-0.010-
0.0004) 
-0.186* 
(-0.355- -
0.017) 
-0.165 
(-0.044-
0.011) 
-0.014 
(-0.050-
0.021) 
0.453*** 
(0.250-
0.656) 
0.035 
(-0.176-
0.246) 
-0.025 
(-0.197-
0.148) 
0.148 
(-0.067-
0.364) 
CB Civic 0.069 
(-0.038-
0.176) 
-0.009** 
(-0.016-  
-0.003) 
-0.153 
(-0.375-
0.069) 
-0.024 
(-0.060-
0.011) 
-0.009 
(-0.056-
0.038) 
0.523*** 
(0.256-
0.790) 
0.115 
(-0.162-
0.392) 
-0.767 
(-0.304-
0.150) 
0.145 
(-0.138-
0.428) 
CB 
Steward 
0.078 
(-0.068-
0.224) 
-0.0002 
(-0.009-
0.009) 
-0.086 
(-0.389-
0.218) 
-0.032 
(-0.080-
0.017) 
-0.058” 
(-0.122-
0.007) 
0.202 
(-0.163-
0.567) 
-0.018 
(-0.396-
0.361) 
0.112 
(-0.198-
0.422) 
0.213 
(-0.173-
0.599) 
CB 
Household 
0.037 
(-0.077-
0.151) 
0.0020 
(-0.005-
0.009) 
-0.174 
(-0.410-
0.063) 
0.008 
(-0.030-
0.046) 
0.015 
(-0.035-
0.065) 
0.391** 
(0.106-
0.675) 
0.061 
(-0.234-
0.356) 
0.042 
(-0.199-
0.283) 
0.179 
(-0.122-
0.480) 
CB 
Consumer 
-0.047 
(-0.194-
0.101) 
-0.008” 
(-0.017-
0.101) 
-0.405* 
(-0.712- -
0.099) 
0.0004 
(-0.049-
0.050) 
0.016 
(-0.049-
0.081) 
0.754*** 
(0.385-
1.122) 
-0.056 
(-0.438-
0.326) 
-0.189 
(-0.501-
0.124) 
0.032 
(-0.358-
0.422) 
 
 
Table 5.3  R-squared values for the models in Table 5.2. 
 Multiple R-squared Adjusted R-squared 
CB Ave. 0.438 0.369 
CB Civic 0.422 0.350 
CB Steward 0.161 0.057 
CB Household 0.228 0.133 
CB Consumer 0.307 0.221 
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I then created a full linear regression model predicting average conservation behavior to determine if 
any of the other variables I measured related to conservation behavior in addition to nature relatedness 
(Table 5.4).  This model included demographics, nature relatedness subtypes, the IAT, three different 
measures of dose (including childhood and adult), and environmental knowledge as predictor variables.  
Variance inflation factor tests showed that levels of multicollinearity were acceptable (all < 2).  The 
model revealed that greater levels of conservation behavior were exhibited by women, those with a 
high NR self, a greater adult nature dose, and a greater childhood nature dose. 
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Table 5.4  Model of average conservation behavior with all variables as predictors.   
The multiple r-squared of the full model was 0.558 and the adjusted r-squared was 0.475 indicating that a relatively large amount of the variation in conservation behavior was 
explained by the model.  Significance codes: p<0.001***, <0.01**, <0.05*, <0.1”. 
 
SLS Age Gender Income Education NR self NR persp NR exp IAT 
0.052 
(-0.024-
0.129) 
-0.004 
(-0.009-
0.0008) 
-0.186* 
(-0.340-  
-0.031) 
-0.014 
(-0.039-0.011) 
-0.012 
(-0.046-
0.022) 
0.034** 
(0.138-
0.548) 
0.063 
(-0.140-
0.266) 
-0.093 
(-0.278-
0.092) 
0.114 
(-0.085-
0.313) 
 
Knowledge Greenspace 
visits 
Adult nature dose Childhood nature 
dose 
0.046 
(-0.093-0.185) 
-0.054 
(-0.122-0.014) 
0.239* 
(0.050-0.428) 
0.173* 
(0.036-0.310) 
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To get a clearer understanding of NR and the pathways that might lead to it, I constructed regression 
models with the NR subscales as the dependent variable, and nature dose and environmental 
knowledge as the independent variables (Tables 5.5 and 5.6).  Adult nature dose and knowledge was 
associated with greater NR average, self, and experience, but not with NR perspective.  This was 
interesting as of the three subscales, NR perspective most closely approximates conservation concern, 
and the idea that nature dose enhances conservation concern is a central tenet of thinking around the 
extinction of experience.  Nature relatedness perspective was only correlated with gender (women 
scored higher), income (lower income respondents were more nature related), and education (lower 
educational attainment correlated with greater nature relatedness).  Nature relatedness average and self 
were correlated with income (lower income associated with higher NR). 
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Table 5.5  Linear regression models using nature dose and environmental knowledge variables to predict nature relatedness.   
Each row in the table represents a full model.  The r-squared of the models in Table 5.6 indicate a moderate amount of the variation in NR was explained by the model.  
Significance codes: p<0.001***, <0.01**, <0.05*, 0.1”. 
 
 SLS Age Gender Income Education Greenspace 
visits 
Adult 
nature 
dose 
Childhood 
nature dose 
Knowledge IAT 
NR ave 0.029 
(-0.051-
0.109) 
-0.003 
(-0.008-
0.002) 
-0.015 
(-0.170-
0.141) 
-0.028* 
(-0.054-  
-0.002) 
-0.008 
(-0.043-
0.026) 
0.009 
(-0.059-
0.078) 
0.204* 
(0.016-
0.392) 
0.081 
(-0.065-
0.227) 
0.134” 
(-0.006-
0.273) 
-0.032 
(-0.243-
0.178) 
NR 
self 
0.083 
(-0.023-
0.190) 
-0.002 
(-0.009-
0.005) 
0.048 
(-0.160-
0.255) 
-0.035* 
(-0.070-  
-0.0006) 
0.014 
(-0.033-
0.060) 
-0.053 
(-0.145-
0.038) 
0.309* 
(0.058-
0.561) 
0.105 
(-0.090-
0.300) 
0.244* 
(0.057-0.430) 
-0.053 
(-0.334-
0.228) 
NR 
persp 
-0.010 
(-0.110-
0.090) 
-0.0008 
(-0.007-
0.006) 
-0.247* 
(-0.441-  
-0.052) 
-0.033* 
(-0.066-  
-0.0006) 
-0.516* 
(-0.095-  
-0.008) 
0.024 
(-0.062-
0.110) 
-0.065 
(-0.301-
0.170) 
0.143 
(-0.040-
0.325) 
-0.044 
(-0.219-
0.131) 
-0.181 
(-0.444-
0.083) 
NR 
exp 
-0.013 
(-0.115-
0.089) 
-0.058” 
(-0.012-
0.0008) 
0.123 
(-0.076-
0.322) 
-0.011 
(-0.446-
0.022) 
0.001 
(-0.045-
0.046) 
0.090* 
(0.002-
0.177) 
0.315* 
(0.074-
0.417) 
-0.017 
(-0.204-
0.167) 
0.146 
(-0.033-
0.325) 
0.147 
(-0.123-
0.417) 
 
 
Table 5.6  R-squared values for the models in Table 5.5. 
 Multiple R-squared Adjusted R-squared 
NR ave 0.307 0.210 
NR self 0.303 0.207 
NR persp 0.230 0.123 
NR exp 0.402 0.319 
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Finally, I conducted a mediation analysis to explore possible pathways leading to conservation 
behavior, investigating whether nature relatedness might mediate the relationship between 
dose/knowledge and conservation behavior (Fig. 5.1).  Specifically, I examined whether nature dose 
and knowledge are associated with increased NR, which in turn, is associated with greater conservation 
behavior.  This analysis showed that NR self is a partial mediator for the dose-behavior relationship, 
while also being a full mediator for the knowledge-behavior relationship. 
 
Figure 5.1  Mediation of the relationship between conservation behavior and (a) nature dose or (b) environmental knowledge.   
Mediation effects were evaluated using bootstrapping.  The effect with the mediator added in is in parentheses. 
 
To explore whether certain NR attitudes relate to conservation behavior, I looked at the relationship 
between individual items from the NR scale and average conservation behavior.  Of course, such 
exploratory analyses increase the chance of Type 1 error, and thus any conclusions are necessarily 
tentative. The questions in Table 5.7 significantly predicted behavior. 
  
 88 
 
Table 5.7  Nature relatedness subscale questions and parameter estimates. 
Significance estimates p<0.001***, <0.01**, <0.05*, <0.1”. 
NR self:  
I am not separate from nature, but a part of 
nature 
0.1237* 
I always think about how my actions affect 
the environment 
0.1874*** 
I am very aware of environmental issues 0.1326* 
I think a lot about the suffering of animals 0.1073** 
Even in the middle of the city, I notice 
nature around me 
-0.2340** 
NR persp:  
The state of nonhuman species is an 
indicator of the future for humans 
0.1361** 
NR exp:  
I take notice of wildlife wherever I am 0.2545* 
 
5.5 Discussion 
 
Of the various aspects of connection to nature, NR self was the strongest predictor of most kinds of 
conservation behavior.  This discovery is important because the items from the NR perspective 
subscale most relate to conservation concern, and previous authors have postulated that nature dose 
leads to conservation concern, which then leads to the expression of conservation behavior (Miller, 
2005; Pyle, 1978).  For the present study population, at least, this does not appear to be the case, but 
rather the extent to which nature forms a part of a person’s identity is far more important in leading to 
the expression of conservation behaviors.  However, as mentioned above, much literature has focused 
on the fact that attitudes and behavior are not synonymous; one does not always lead to the other 
(LaPiere, 1934).  This certainly appears to be the case here – those individuals with strong conservation 
concern (i.e. scoring highly for NR perspective) did not on average exhibit more pronounced 
conservation behavior.   
 
Another important result was that nature dose and environmental knowledge were both associated with 
conservation behaviors, consistent with the broadly held view that experiences of nature are somehow 
associated with conservation action.  Crucially, NR self was a mediator of these two relationships, 
suggesting that increasing experiences of nature may lead to increased self-identifying with nature, 
which in turn increases conservation behavior.  Experimental research is necessary to determine 
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whether these effects are causal.  Overall, this suggests a possible dual role for both nature experience 
and environmental education in leading to conservation behavior. 
 
It was interesting that childhood nature dose did not predict NR.  When childhood dose was used 
individually without adult dose, it was a predictor, but when adult dose was included in the model, 
childhood dose was no longer significant.  This implies that adult dose is more important in predicting 
NR than childhood dose.  There are a number of possible explanations for these effects, for example, 
that retrospective estimates by adults of their childhood nature dose might be very inaccurate, or 
perhaps as a child, one is limited in the ability to control nature dose, with decision-making often being 
constrained by parental choice. 
 
Something which ties into one of my earlier chapters (3) is the fact that NR perspective was not 
predicted by nature dose, either childhood or adult.  In that chapter I concluded that NR perspective 
may be less sensitive to nature dose than NR self and experience, and perhaps more sensitive to other 
influences.  The results from this survey seem to bear this out.  Conservation concern, at least as 
measured by NR perspective, was also not itself a direct predictor of conservation behavior.  All of this 
suggests that interventions ultimately aimed at enhancing conservation behavior might best be targeted 
toward increasing the extent to which a person views nature as part of their identity rather than 
focusing on increasing intellectual awareness of, or concern about, environmental issues. 
 
Although an earlier paper (Geng et al., 2015) found that the IAT was related to spontaneous 
conservation behavior, the IAT was unrelated to any of the measures of conservation behavior in the 
present study.  This difference may be because we measured deliberate rather than spontaneous 
behaviors, and we thus recommend explicit scales as a more useful tool for research into planned 
conservation behaviors. 
 
For the individual items of the NR self subscale, it is interesting to note that the spiritual, religious 
concepts did not predict behavior, nor did items identifying the self with nature (Table 5.7).  Rather, the 
important concepts involved feeling like part of nature and the sense of responsibility towards it.  This 
is congruent with beliefs about the foundations of environmental behavior, because responsibility 
consistently emerges as an important factor (Hines et al., 2010; Newhouse, 1990).  This implies that 
environmental messages highlighting being part of nature and therefore responsible for its stewardship 
could be highly effective in promoting behavior change.  The only NR perspective concept which was 
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significant was the one highlighting responsibility (Table 5.7).  This is interesting, because in the 
original paper developing the NR scale (Nisbet et al., 2009), this particular concept loaded equally onto 
NR self and NR perspective, and so could be considered a part of the NR self scale as well.  Intellectual 
perspectives (NR perspective) and enjoyment of nature (NR experience) did not predict behavior.  This 
is surprising considering that I would expect intellectual attitudes and beliefs towards and about 
conservation to influence behavior (Newhouse, 1990), but they apparently do not, something which is 
borne out in some parts of the existing literature (Kollmuss & Agyeman, 2002).  Rather moral 
imperatives seem to drive conservation behavior.  It is not especially surprising that enjoyment of 
nature does not predict behavior, and it is known that recreational enjoyment of nature does not always 
translate into caring about conservation (Teisl & O'Brien, 2003). 
 
If it is indeed the case that NR self leads to the expression of conservation behavior, the next logical 
step is to understand what leads to high NR self.  Can it be influenced over time by environmental 
factors, or is it a fixed trait?  One possible influencing factor is nature dose, as my study found that NR 
self is a mediator of the nature dose-conservation behavior relationship.  Therefore, it may be as the 
extinction of experience postulates, that nature dose increases nature relatedness self, which in turn 
increases conservation behavior.  This relationship holds true for adult dose, suggesting that 
interventions to increase time spent in nature during adulthood could help.  The effect of knowledge on 
conservation behavior was also mediated by NR self, indicating that environmental education could be 
a way to enhance behavior through increased NR self.  Previous research has found that environmental 
knowledge can be a strong predictor of conservation behavior (Kaiser, Wolfing, & Fuhrer, 1999) and 
that it can influence environmental attitudes (Bradley, Waliczek, & Zajicek, 1999).  These findings 
help support my interpretation that knowledge affects NR self and, in turn, behavior.   
 
5.6 Limitations 
 
In this highly motivated sample, consisting of either members of or volunteers at a nature sanctuary, I 
expected to have a chance to tease apart what relates to conservation behavior and nature relatedness in 
people who actively act on it.  On the one hand, using a highly motivated population can enable us to 
examine a variety of conservation behaviors that might otherwise have too low a base rate in the 
general population, but on the other hand, I need to acknowledge that these effects may be unique to 
this particular sample and might not be generalizable across the entire population.  Another limitation 
of my study is that I cannot determine the direction of causality of any of the relationships I report.  
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This limitation is standard for this field of study, where cross-sectional surveys are the norm given the 
inherent difficulty in manipulating these variables, however, experiments or longitudinal studies would 
be necessary to overcome this. 
 
Another limitation of my survey is I did not measure personal (family, friends, and mentors) influences 
on nature connection, so I do not know if this might influence the self (emotional) aspect of nature 
relatedness.  Another useful addition to my survey would have been a personality scale measuring such 
measures as sociability, science-orientation, and physicality, of participants.  A good avenue for future 
research would be to combine a personality measure with a survey of motivations for caring about 
nature, or else the tripartite NR scale with questions about environmental influences, as well as any 
experiments which could shed light on causality. 
 
5.7 Conclusion 
 
In a sample of highly conservation-behavior-oriented individuals, I have found that only a certain kind 
of nature connection (the emotional “self” connection) is associated with conservation behavior.  This 
relationship emerged consistently with most kinds of behavior.  Additionally, I found that the 
emotional “self” connection with nature mediates the positive effects of nature dose and knowledge on 
expression of conservation behavior.  While this does not demonstrate a causal pathway, it does 
suggest important relationships among these variables in driving conservation behavior.  Encouraging 
people to behave in conservation-oriented ways may best be facilitated by promoting outdoor activities 
and disseminating environmental knowledge in ways that increase emotional attachment to nature. 
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Chapter 6. General Discussion 
 
6.1 Discussion 
 
In this thesis, I have tested the broadly held notion that nature experiences lead to an enhanced 
connection with nature, and in turn deliver a range of health benefits and lead to the expression of pro-
environmental behaviors (Fig. 6.1a). I discovered that (i) nature experiences are not always associated 
with a stronger connection with nature, (ii) a strong connection with nature is only a weak predictor of 
conservation concern, and (iii) connection with nature does not moderate the benefits received from 
nature experiences.  Most fundamentally, connection with nature is not a single phenomenon, but 
actually a collection of phenomena that act quite differently with respect to nature experiences and 
conservation behaviors. As a result of the findings in this thesis, the pathways between nature 
experiences, connection with nature, and conservation behaviors seem much more nuanced and 
complex than previously thought (Fig. 6.1b).  
  
 93 
 
    
Figure 6.1  Flowcharts of some potential pathways between nature experience, nature connection, and conservation behavior.   
(a) Depicts my original understanding of the relationship, (b) depicts the revised pathways based on my findings. 
 
6.2 Key findings 
 
Below, I discuss each of the key findings of this research. 
 
6.2.1 Many nature benefits are delivered through non-visual pathways 
 
Both chapters 2 and 4 provide evidence that non-visual pathways are important for the delivery of 
health and wellbeing benefits of nature experiences. Chapter 2 used a literature review to examine the 
range of benefits available from non-visual sensory and non-sensory avenues, and chapter 4 showed 
that a standard 10-minute photograph exposure failed to provide a consistently measurable nature 
benefit response.  Taken together, these results suggest that while humans are a visual species, our 
other senses are still important and may provide avenues for the relaxation and restoration so crucial to 
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nature benefits.  This is not surprising as studies which compare visual exposure to outdoors exposure 
have found that the outdoor exposure provides a much stronger benefit (Kjellgren & Buhrkall, 2010).  
Also, it is well known that touch, for instance, provides relaxation and bonding in humans (Zlotnick, 
2000), so this shows that non-visual elements can be very important for our physiological functioning. 
While visual exposure experiments are much easier to control, design, and carry out, I suggest that 
other methods are extremely important, including in-situ exposures or through the provision of 
additional sensory stimulus when possible.   
 
6.2.2 The benefits from nature exposure are broadly pervasive 
 
The findings from the experiment in Chapter 4 imply that people benefit from nature regardless of the 
extent of their nature relatedness.  This suggests that programs for making nature accessible to all are 
quite beneficial and will achieve their aims of providing nature benefits to residents.  Although an 
earlier paper did find connection to nature to be a mediator of the mood benefits of nature (Mayer et al., 
2009), my results more closely approximated that of another paper which found it not to be a moderator 
of mood benefits (Passmore & Howell, 2014).  This is a positive finding, as it implies everyone can 
benefit from nature, regardless of how they feel about it.  Encouraging non-nature oriented people who 
do not like to spend time outdoors to go to the park could have positive benefits for them.  Thus, non-
profits and local councils which aim to get people outdoors are on the right track if their aims are to 
improve wellbeing.  Nature relatedness may be important for other reasons, but as far as receiving 
cognitive benefits, I found no evidence to suggest it is an unimportant factor. 
 
6.2.3 Nature dose does not drive conservation concern and conservation concern does not predict 
environmental behavior 
 
Chapters 3 and 5 both suggest that NR perspective is a unique and quite different measure of nature 
relatedness from NR self and especially from NR experience. NR perspective measures something akin 
to an intellectual relationship with nature, the kind of thing one learns in an environmental education 
class or from reading conservation literature.  Contrary to the predictions of the extinction of 
experience theory, there was no evidence from my work that NR perspective was related to nature 
dose.  Perhaps this is not surprising, as previous research has shown that we tend to value things more 
when they are rare (Brock & Brannon, 1992; Lynn, 1992), so perhaps as nature becomes rarer, we 
value it more.  This value has been shown to be true of biological species, which have been found to be 
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more attractive to ecotourists when they are rarer and harder to find (Booth, Gaston, Evans, & 
Armsworth, 2011; Reynolds & Braithwaite, 2001).  Additionally, urban residents tend to be more 
environmentally concerned than rural residents, which is inconsistent with the extinction of experience 
theory since urban residents have less nature exposure (Yu, 2014).  However, if we consider that 
perhaps it is exposure to degradation that prompts conservation concern rather than exposure to pristine 
nature, this makes sense (Stearman, 1994). 
 
Conservation concern was also not a predictor of conservation behavior in the present study, which is 
quite surprising, as one would expect that thoughts about the extinction of species and resource 
management (items that are part of the NR perspective subscale) would inspire conservation action.  
Yet one of the important factors for conservation behavior is a feeling of potential efficacy (Cook & 
Berrenberg, 1981).  People must believe that they can make a difference or they will fall into apathy.  
Perhaps a high score on NR perspective reflects too deep an appreciation of the threats to nature, 
leading people to feel that their actions will not make a difference.  Whatever the case, the extinction of 
experience theory must be rethought, and Figure 6.1b provides a possible set of new pathways to 
consider. 
 
6.2.4 The extent to which nature is part of self mediates the effect of nature dose on the expression 
of conservation behavior 
 
It is widely believed that experiences of nature lead to a stronger connection with nature and hence 
greater environmental concern. Since NR perspective is a measure of conservation concern, I expected 
to see positive associations between NR perspective, nature dose and the expression of conservation 
behaviors. I was surprised to discover that only NR self predicted conservation behavior, and also that 
the predictive effect of nature dose and nature knowledge on behavior was mediated by NR self 
(chapter 5).  This finding supports the extinction of experience theory, but through an unexpected route.  
There appears to be a pathway from nature dose to conservation behavior, but this pathway depends on 
nature dose leading people to feel part of nature, which then leads them to stronger conservation 
behavior.  The pathway seems to act through that channel rather than acting through a strong 
intellectual realization that ecosystems are damaged and need repair.  The questions most predictive of 
behavior were those about responsibility and feeling as if we are part of nature, which is supported by 
current literature about the importance of a sense of responsibility for nature leading to conservation 
action (Hines et al., 2010).  Organizations interested in promoting conservation action might therefore 
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consider focusing on this particular measure of nature relatedness, reflecting the emotional or 
“stewardship” aspects of it. This approach might be more effective than educational instruction about 
the precarious state of nature and the idea that it needs conservation action.  There may also be some 
indications here as to what messaging could encourage people to exhibit greater conservation 
behaviors. For example, messages that promote humans as being a part of nature (and therefore having 
a duty to take care of it) may have stronger effects on conservation behavior than focusing on species 
extinction rates or on how fun it is to go backpacking. 
 
I now discuss the findings of my thesis made in the context of the major topic areas of (i) nature 
experiences, (ii) benefits of contact with nature, (iii) nature relatedness and (iii) conservation behavior. 
 
6.3 Nature experiences 
 
Nature experiences, expected to be important in leading to conservation concern (Miller, 2005; Pyle, 
1978), appear to have a somewhat different effect.  Rather than foster conservation concern, they seem 
to enhance a sense of identity with nature and a feeling of responsibility for it (nature relatedness self).  
This unexpected finding indicates a route from nature exposure to caring to action.  This finding is also 
concerning, as contrary to my findings from chapter 3, it provides evidence for the extinction of 
experience theory, indicating that waning nature exposure may lead to less identification with nature.  
There is a trend towards outdoor exposure programs, however, which will hopefully slow this decline 
(L. O'Brien et al., 2011; L. O'Brien & Murray, 2007).   
 
With regards to conservation concern, experiences of nature do not appear to be an important factor, 
and this is quite surprising. A closer look at earlier studies, however, shows similar evidence that while 
nature relatedness perspective is the most associated with a conservation attitude, it is the least affected 
by nature exposure (Nisbet, 2013).  Overall, then, if the aim of a program is to provide nature benefits 
or foster nature relatedness self, exposure to nature is a good route.  However, if the aim is to enhance 
conservation concern, another route is likely preferable. 
 
My research found that nature experiences are not very strong when they involve a short series of 
photographs of nature (chapter 4), indicating that actually being outdoors is preferable (Kjellgren & 
Buhrkall, 2010).  Also, there are many benefits to a nature experience that are received from avenues 
other than just the visual (chapter 2). 
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6.4 Benefits of contact with nature 
 
It is clear from the large body of literature that nature does provide people with benefits to health and 
wellbeing (Bowler et al., 2010; Bratman et al., 2012).  These benefits include physical, social and 
mental wellbeing benefits.  Many of the studies that have examined this association have explored the 
effect of nature videos, nature window views, and nature photographs, to test what benefits arise 
(Berto, 2005; Karin Laumann et al., 2003; Pretty et al., 2005; R. Ulrich, 1984).  However, my review of 
the literature (Chapter 2) demonstrated that there is a growing body of evidence that the non-visual 
senses and other non-sensory avenues provide us with a range of health and wellbeing benefits from 
nature experiences.  For example, people receive measurable benefits from touching pets (Friedmann et 
al., 1979), inhaling essential oils (Lehrner et al., 2000) and phytoncides (Li et al., 2006), listening to 
bird song (Ratcliffe et al., 2013), and being immersed in real experiences of nature (Kjellgren & 
Buhrkall, 2010).  It is therefore important to consider that it may be the overall experience of being in 
nature—and that the experience engages multiple senses--that provides the fullest range of health and 
wellbeing benefits.  Studies that compare walking in nature to video exposure of the same activity 
support this by finding that the immersion in nature provides a greater range and magnitude of benefits 
than the visual exposure alone (Kjellgren & Buhrkall, 2010). All of this suggests that attempts to break 
down the various aspects of a nature experience to find the one or two key attributes of nature that 
deliver the benefits might prove futile.  This is supported by James Gibson’s (2014) approach to 
ecological psychology, which claims that humans experience the environment directly, without 
cognitive processing, as his approach implies that we respond to the environment as a whole and not to 
specific parts of it that we process as more important. 
 
My findings imply that while attempts to provide window views of nature at hospitals and prisons, for 
example, can lead to positive effects, actually placing people out in nature where they can smell, touch, 
hear, and feel, the nature around them could be even better. If this is the case, nature programs 
immersing adults and children in the outdoors have the greatest possibility of achieving wellbeing 
benefits, as do council programs that aim to provide natural spaces for recreational use by city 
residents. These practices would allow people to have contact with the phytoncides, scents, and sounds, 
of nature.  While there have been suggestions that the specific mechanisms for the delivery of nature 
benefits need to be elucidated (Shanahan, Fuller, et al., 2015; Shanahan, Lin, et al., 2015), one could 
equally argue that it is the synergy among all the different aspects of a natural space that together 
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deliver nature benefits.  The key to delivering public health benefits is to provide a range of public 
open spaces with as much natural content as possible. Such spaces have the added benefits of providing 
ecosystem services and biodiversity conservation outcomes too (Tallis, Kareiva, Marvier, & Chang, 
2008).  In this vein, many hospitals have begun to provide gardens for the use of their patients (R. 
Ulrich, 2002), and such spaces are presumably having important benefits to healing times, and also the 
costs and time involved in patient rehabilitation.  Likewise, providing parks and gardens for the use of 
urban residents has a long and venerable history (Thompson, 2011), and we are now beginning to see 
the scientific evidence that such efforts are delivering important public health outcomes.   
 
6.5 Nature relatedness 
 
Many measures of nature connection consider it as a single broad concept, with a person being 
considered connected with nature to varying degrees along a single scale (Clayton & Opotow, 2003; 
Mayer & Frantz, 2004; P. W. Schultz, 2001; Tam, 2013).  However, the Nature Relatedness Scale is 
particularly useful because it disassociates connection to nature into three different factors - self, 
perspective, and experience (Nisbet et al., 2009). My results show the utility of these multiple 
subscales, because each of them is associated quite differently with nature experiences and 
conservation behaviors (Chapters 3 and 5). At an even finer scale there is also variation within 
measures, for example NR self has questions which relate to spirituality and others which relate to 
responsibility.  These are emotional factors which also tie in to a concept of stewardship and a sense of 
being part of nature rather than separate from it.  This seems to be a major distinction of the self 
subscale.  The perspective subscale measures concern about the state of the environment.  In many 
ways it is an intellectual concern that natural systems are important to the functioning of the planet and 
a belief that effective conservation is important. The items in this subscale frequently refer to species 
extinctions and resource use.  The experience subscale, on the other hand, is the type of nature 
connection that outdoor sports enthusiasts and gardeners feel.  This is the pleasure of being outdoors 
doing something, which is the recreational aspect of a connection to nature.  These three NR subscales 
represent a division between emotional (self), intellectual (perspective) and experiential (experience) 
aspects of a connection to nature. 
 
Most notably among my results, NR perspective (a measure of conservation concern) does not increase 
strongly with nature dose, in contrary to a common assumption that experiences of nature drive 
conservation concern. This raises the question of what does lead to conservation concern, if not 
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experiences of nature?  Possibilities include environmental education, parental or other social 
influences, and experiences of environmental degradation (Chawla, 1999). Substantial research is now 
needed to establish the drivers of conservation concern, and to use this information to inform programs 
designed to reconnect people with nature. 
 
My research on nature relatedness highlights that careful consideration should be given to the measures 
used to assess nature connection, in particular the importance of recognizing the multiple aspects of 
nature connection that might operate in quite different ways.  For example, if my survey used in 
chapter 5 comparing NR to conservation behavior had merely used NR average as a single scale 
without looking at the subscales, I would have seen no relationship and could thus have concluded that 
NR does not influence conservation behavior.  Here the NR scale was highly useful because of its 
tripartite nature, and my results highlight that studies must employ a metric reflecting the particular 
type of nature connection relevant to the question at hand, to avoid missing important effects.  
 
6.6 Conservation behavior 
 
Conservation behavior, contrary to my predictions, was not associated with nature relatedness 
perspective, the measure of conservation concern (chapter 5).  Instead, it was associated with nature 
relatedness self, the measure of emotional connection to nature.  My results showed that a sense of 
stewardship and responsibility for nature best predicted behavior, which supports previous literature 
(Hines et al., 2010; Kaiser, Ranney, et al., 1999; Newhouse, 1990).  Nature relatedness self showed a 
mediating relationship between (i) environmental knowledge and conservation behavior and (ii) nature 
dose and conservation behavior, meaning that knowledge and dose both lead to an increase in NR self, 
which then leads to an increase in behavior.  This supports the extinction of experience theory which 
claims that experiences of nature will foster caring for it, which will foster action (Pyle, 1978).  This is 
an interesting finding, as it implies that to enhance conservation behavior, instead of increasing 
conservation concern (about species extinction rates, for example), we should focus on enhancing a 
sense of identity and emotional connection with nature.  By fostering this aspect of connection, we can 
instill a sense of responsibility for nature and thus increase pro-environmental behavior. 
  
 100 
6.7 Limitations 
 
There are several limitations to this work.  The major one is due to the cross-sectional nature of my 
data.  As such, I cannot infer causality.  This is unfortunate as causal relationships are of great interest 
in this field and most work aims at shedding light on them.  I can only infer associations between 
variables, and hope that future work will be able to identify which of these relationships are causal. 
 
Another limitation is that my two experiments were run on first-year psychology students and my 
survey was on ecosanctuary members.  These are both specialized populations and therefore findings 
might not be generalizable to the rest of the population.  These samples might also be homogenous and 
further studies repeating the experiments on the general population will be beneficial. 
 
For the IAT, I used a “me” / “not me” dichotomy, which in the case of an urban population might not 
get at the measure I was really looking for.  Someone who grew up in the city might identify urban 
words with their self-concept due to familiarity and place identity, but that does not mean they do not 
also like nature.  This limitation must be kept in mind when using this IAT measure. 
 
Most of my measures were self-report, which is a common approach in this field of study; however it 
must be acknowledged that there are limitations to this kind of data.  I was especially wary of self-
reported childhood nature dose, as this could easily be misremembered or romanticized. 
 
Finally, my studies were all carried out on Australian and New Zealand samples, from which it is not 
possible to generalize o other cultures.  These studies might show different results carried out in 
different parts of the world. 
 
6.8 Future directions 
 
The main direction I suggest for future research is using longitudinal studies to look for causality in 
some of the possible pathways discovered in this thesis.  Longitudinal studies have a range of 
challenges, but the insights would be invaluable.  Much of the present study has led to new hypotheses, 
and longitudinal studies could usefully investigate these.  Studies which look at nature dose throughout 
the life span (especially if it was not self-reported but collected via GPS) to see if nature dose at a 
particular stage of life is important in developing one of the different types of nature relatedness would 
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be very useful, as would studies that examine when and why conservation actions begin.  Such studies 
could also factor in experiences of environmental degradation and see how that affects NR and 
behavior.  Perhaps high nature dose as a child (to provide an attachment to nature) combined with an 
experience of first-hand environmental loss (to provide awareness) leads to the most conservation 
action.  Chawla and Derr’s (2015) and Holland et al.’s (2003) work on the way that identity formation 
is important to promoting environmental action is a good starting point for this. 
 
Another possible direction is looking at nature benefits in different populations.  Studies have looked at 
benefits in mentally healthy versus unhealthy individuals (M. G. Berman et al., 2012; Roe & Aspinall, 
2011), but looking at nature benefits in rural versus urban populations might yield interesting results.  
Mainly, it would look at populations with high daily nature exposure and populations with low daily 
exposure to see if there was any difference in how they responded to a nature exposure experience with 
mood or cognitive function.  Perhaps people who spend a lot of time in nature have maximized their 
nature benefits and gain no further benefit of additional exposure. Or perhaps they are more sensitized 
to nature and receive greater benefits.  Alternatively, perhaps individuals deprived of nature exposure 
would benefit much more as they have had such a low previous level of exposure and therefore need it 
most. 
 
Personality studies might also be interesting.  There is a plethora of personality typing theories, and 
looking at whether they affect nature relatedness or conservation behavior would be interesting.  Nisbet 
et al. (2009) looked at the big five personality traits and found some correlation with NR, but more 
distinctive personality typing systems such as the Holland Code and the Myers-Briggs system might 
provide useful results.  Also, looking at whether certain personality types benefit more from nature 
exposure might be interesting.  The Holland code, for example, has a category of “Realists” who are 
commonly described as enjoying the outdoors and nature.  It would be interesting to see if these 
associations translate to nature relatedness or benefits.  
 
In my chapter on the senses (chapter 2), I talked about negative air ions and how some people were 
more sensitive to them.  I wondered if people who are more sensitive to them might be more sensitive 
to nature exposure in general and thus to nature benefits.  A study looking at NAI sensitivity and nature 
benefits could provide insight into this. 
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Extending some of Chawla’s (1999) interviews about what leads to conservation careers in certain 
individuals by doing quantitative or longitudinal experiments would yield important information, such 
as looking at how teacher or parent intervention strategies on youth have an effect.  As part of this, 
future research could shed light into how people’s environmental behavior and how they connect with 
nature might differ according to whether they consider humans as included within the concept of nature 
or not.  Since connection to nature appears to be important for how we respond to it, perhaps including 
ourselves in our concept of nature might change and perhaps even enhance this connection. 
 
6.9 Closing remarks 
 
In examining the pathways from nature experience to conservation concern to benefits and behavior 
(Fig. 6.1a), I have come upon some new insights which have led to a new possible model of how nature 
experiences influence connection to nature and ultimately, conservation behavior (Fig. 6.1b).  Most 
importantly, I have found that (i) many benefits are delivered through non-visual pathways, (ii) the 
benefits from nature are broadly pervasive, (iii) nature dose does not drive conservation concern and 
conservation concern does not predict behavior, and (iv) the extent to which nature is part of self 
mediates the expression of conservation behaviors.  This has led to a renewed appreciation of the 
differences in the aspects of what it means to be connected to nature, and a recognition of the varied 
pathways through which benefits from nature arise. 
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Appendix B Items from the Nature Relatedness Scale. 
 
Self 
My connection to nature and the environment is a part of my spirituality 
My relationship to nature is an important part of who I am 
I feel very connected to all living things and the earth 
I am not separate from nature, but a part of nature 
I always think about how my actions affect the environment 
I am very aware of environmental issues 
I think a lot about the suffering of animals 
Even in the middle of the city, I notice nature around me 
My feelings about nature do not affect how I live my life 
 
Perspective 
Humans have the right to use natural resources any way we want 
Conservation is unnecessary because nature is strong enough to recover from any human impact 
Animals, birds and plants have fewer rights than humans 
Some species are just meant to die out or become extinct 
Nothing I do will change problems in other places on the planet 
The state of nonhuman species is an indicator of the future for humans 
 
Experience 
The thought of being deep in the woods, away from civilization, is frightening 
My ideal vacation spot would be a remote, wilderness area 
I enjoy being outdoors, even in unpleasant weather 
I don’t often go out in nature 
I enjoy digging in the earth and getting dirt on my hands 
I take notice of wildlife wherever I am 
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Appendix C  Precursor moderator study 
 
A precursor study with the same aims was completed prior to chapter 4, and led to the decision to 
repeat the study with some methodological changes. 
 
Precursor study Method 
 
I followed the protocol of Berman et al. (2008), who demonstrated that 12 students shown photographs 
of nature improved on their backward digit span task and on the ANT.  I made two main changes to 
their study design.  First, I used local photographs of nature from Brisbane rather than the international 
photographs they used.  Second, I used a stroop task instead of the attention networking task (ANT), as 
it was shorter but also measured inhibition.  I also made the addition of several measures of nature 
connection.  These measures were the nature relatedness (NR) survey, the environmental identity scale 
(EID), an implicit association test (IAT), and a single category implicit association test (SC-IAT).  The 
NR and the EID are both explicit measures of nature connection, while the IAT and SC-IAT are 
implicit measures.  I used these various measures to provide a thorough test of the moderating 
influence of nature connection on nature benefits. 
 
This experiment was carried out from March to April 2015.  First year Psychology students were 
recruited via the sona-system at the University of Queensland for course credit, and over the course of 
six weeks, 103 students (85 female and 18 male, mean age 20.767) completed the whole experiment.   
 
As with chapter 4, this experiment was a within participant exposure divided into two parts – nature 
exposure and urban exposure.  On the first date, participants were exposed to a series of images from 
one kind of environment, and approximately one week later, they were exposed to images from the 
other environment.  Order of presentation was counterbalanced, such that approximately half the 
students were exposed to nature photographs first, while the other half was exposed to urban 
photographs first.  Measures of anxiety and mood were taken, along with performance on two cognitive 
tasks, a backwards digit span task to measure executive function and a stroop test to measure, more 
specifically, inhibitory function.  I measured nature relatedness in four ways – through the nature 
relatedness scale, the environmental identity survey, an implicit association test, and a single-category 
implicit association test.  Before completing the nature surveys, participants completed the cognitive 
tasks and then were exposed to the photographs.  After exposure to the photographs, the two cognitive 
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tasks were given again, and anxiety and mood were measured, as shown in table C.1.  This way, 
participants were tested for performance on two cognitive tasks before and after exposure to nature or 
urban photographs while controlling for mood and measuring nature connectedness. 
 
 
Table C.1. Order of tasks given for experiment. 
Task 
Measure mood (PANAS) 
Take a backward digit span task 
Take the stroop task 
Take the IAT or the SC-IAT 
Take the NR or the EID 
Exposure to photographs 
Take the backward digit span task 
Take the stroop task 
Measure mood (PANAS) 
Record demographics 
 
PANAS 
 
Mood was measured using the standardized PANAS as in chapter 4. 
 
Backward Digit Span Task 
 
The BDS was used as a measure of cognitive function as in chapter 4. 
 
Stroop Task 
 
Cognitive function was also measured with the stroop task, to measure inhibition.  The stroop task 
consists of the names of colours presented on a computer written in different colours.  Participants have 
to respond by pressing the key describing the colour of the word and not the semantic meaning of the 
word. 
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Nature Relatedness Survey 
 
The Nature Relatedness (NR) survey was used as in chapter 4. 
 
Environmental Identity Scale 
 
The Environmental Identity (EID) scale was used as in chapter 4. 
 
Implicit Association Test 
 
The Implicit Association Test (IAT) was used as in chapter 4 with some differences.  Instead of pairing 
nature/built with good/bad, nature/built was paired with me/not me.  Also, there were fewer trials than 
in study 2, as shown below.  This version of the IAT was based on Schultz 2004 (“Implicit connections 
with nature”). 
 
Practice nature/built 10 trials 
Practice me/not me 10 trials 
Test combined categories 20 trials 
Practice built/nature 10 trials 
Test combined categories 20 trials 
 
Single-item IAT 
 
The single-item IAT is similar to the IAT, except that instead of having a me/not me polarity, it has 
only a me category.  So, it pairs me with nature and then me with built, and the score comes from a 
comparison of the two. 
 
Photographs 
 
Photographs were taken locally at the Mt. Coot-tha Brisbane Botanical Gardens and at various local 
parks throughout Brisbane.  Urban photographs were taken in the Brisbane CBD.  Viewing was the 
same as in the above study. 
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Demographics 
 
Demographics included age, gender, and course of study. 
 
Precursor Study Results 
 
A repeated measures ANOVA did not show a nature effect.  A paired t-test showed that students 
improved on the BDS (trials correct) only after the urban exposure.  With the stroop task, they 
improved in both exposures.  None of the models showed any moderating effects. 
 
Precursor Study Discussion 
 
This study shows confusing results regarding the BDS.  The trials correct seems to imply that the urban 
exposure rather than the nature exposure had a positive effect on cognitive function.  This might 
coincide with what Ulrich was referring to when he said that in some circumstances of low stimulation, 
individuals might need more urban settings rather than the relaxation of natural settings. 
 
I found the stroop task to have very strong practice effects, and others have indeed shown this, so it is 
not recommended for this type of study. 
 
My results showed that 10 minutes exposure to my nature photographs did not produce a cognitive 
benefit and that nature connection did not seem to moderate this effect.  I therefore decided to repeat 
the study, but to find a better exposure to stimulate the nature benefit. 
 
The main difference of my study from Berman’s was that I used local photographs of nature, which 
differed substantially from those used by Berman et al.  Some research into the literature on 
photographs and restorativeness led us to prospect-refuge theory, which states that close-in, dense 
photographs are not restorative, while wide open, spacious photographs are.  In comparing my nature 
photographs to Berman’s it was found that ¾ of mine were very close-in and dense (low in prospect 
and high in refuge), while ¾ of Berman’s were wide-open and spacious (high in prospect and low in 
refuge).  I therefore decided to repeat the study using Berman’s photographs to replicate his findings.  I 
also decided not to use the stroop task which showed practice effects and instead use the attention 
networking task (ANT) as Berman did. 
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Fig. A.1 Local photo from my study (a), high in refuge, low in prospect and photo from Berman’s study (b) low in refuge, high in 
prospect. 
 
The results of this second study are written up in chapter 4. 
 
Conclusion 
 
From this study, I concluded that some nature photographs may not be enough of an exposure to 
produce nature benefit effect, and that this may be due to the type of photographs used.  Care must be 
taken when selecting photographs to provide a relaxation benefit.
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Appendix D.  BDS trials correct moderator models 
Table D.1  BDS trials correct with estimate (95% CI) and significance codes: p<0.001***0.01**0.01*0.05” 
 NRave NRself NRpersp NRexp EID IAT 
Age 0.004  
(-0.036-
0.043) 
0.005  
(-0.033-
0.044) 
0.004  
(-0.035-
0.0423) 
0.003 
(-0.036-
0.043) 
0.004  
(-0.035-
0.0437) 
0.0050  
(-0.034-
0.043) 
Gender 0.125  
(-0.474-
0.725) 
0.108  
(-0.491-
0.707) 
0.147  
(-0.463-
0.758) 
0.114  
(-0.477-
0.705) 
0.116  
(-0.475-
0.708) 
0.115  
(-0.477-
0.707) 
Time 0.440  
(-3.662-
4.543) 
0.202  
(-3.022-
3.426) 
0.182  
(-3.688-
4.053) 
0.161  
(-2.399-
2.721) 
0.300  
(-2.804-
3.404) 
0.0572  
(-1.553-
1.667) 
Treatment 0.287  
(-3.817-
4.391) 
0.137  
(-3.087-
3.362) 
0.124  
(-3.748-
3.996) 
0.148  
(-2.413-
2.708) 
0.275  
(-2.830-
3.380) 
-0.351  
(-1.964-
1.262) 
Relatedness 0.0943  
(-0.514-
0.703) 
0.0117  
(-0.470-
0.493) 
0.0818  
(-0.450-
0.613) 
0.081  
(-0.310-
0.471) 
0.072  
(-0.398-
0.542) 
0.078  
(-1.247-
1.402) 
Time*Treatment -0.642  
(-6.442-
5.158) 
-0.523  
(-5.080-
4.034) 
-0.491  
(-5.965-
4.982) 
-0.099  
(-3.717-
3.519) 
-0.447  
(-4.835-
3.942) 
0.472  
(-1.810-
2.753) 
Time*Relatedness -0.125  
(-0.974-
0.723) 
-0.0772  
(-0.754-
0.599) 
-0.0663  
(-0.809-
0.676) 
-0.0702  
(-0.616-
0.475) 
-0.0993  
(-0.758-
0.559) 
-0.270  
(-2.138-
1.599) 
Treatment*Relatedness -0.0715  
(-0.921-
0.778) 
-0.0411  
(-0.718-
0.635) 
-0.0348  
(-0.778-
0.708) 
-0.0445  
(-0.590-
0.501) 
-0.0714  
(-0.730-
0.587) 
0.370  
(-1.504-
2.243) 
Time*Treatment*Relatedness 0.145  
(-1.055-
1.345) 
0.123  
(-0.833-
1.079) 
0.106  
(-0.945-
1.556) 
0.0333  
(-0.738-
0.804) 
0.108  
(-0.823-
1.039) 
-0.524  
(-3.172-
2.125) 
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Appendix E  Survey from chapter 5 
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Q53 For each of the following, please rate the extent to which you agree with each statement, using the 
scale below.  Please respond as you really feel, rather than how you think "most people" feel. 
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 Disagree strongly (1) Disagree a little (2) Neither agree or disagree (3) Agree a little (4) Agree strongly (5) 
I enjoy being 
outdoors, even 
in unpleasant 
weather. (1) 
          
Some species 
are just meant 
to die out or 
become 
extinct. (2) 
          
Humans have 
the right to use 
natural 
resources any 
way we want. 
(3) 
          
My ideal 
vacation spot 
would be a 
remote, 
wilderness 
area. (4) 
          
I always think 
about how my 
actions affect 
the 
environment. 
(5) 
          
I enjoy digging 
in the earth and 
getting dirt on 
my hands. (6) 
          
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My connection 
to nature and 
the 
environment is 
part of my 
spirituality. (7) 
          
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 Disagree strongly (1) Disagree a little (2) Neither agree or disagree (3) Agree a little (4) Agree strongly (5) 
I am very 
aware of 
environmental 
issues. (1) 
          
I take notice of 
wildlife 
wherever I am. 
(2) 
          
I don't often go 
out in nature. 
(3) 
          
Nothing I do 
will change 
problems in 
other places on 
the planet. (4) 
          
I am not 
separate from 
nature, but a 
part of nature. 
(5) 
          
The thought of 
being deep in 
the bush, away 
from 
civilization, is 
frightening. (6) 
          
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My feelings 
about nature 
do not affect 
how I live my 
life. (7) 
          
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 Disagree strongly (1) Disagree a little (2) Neither agree or disagree (3) Agree a little (4) Agree strongly (5) 
Animals, birds 
and plants 
should have 
fewer rights 
than humans. 
(1) 
          
Even in the 
middle of the 
city, I notice 
nature around 
me. (2) 
          
My 
relationship to 
nature is an 
important part 
of who I am. 
(3) 
          
Conservation 
is unnecessary 
because nature 
is strong 
enough to 
recover from 
any human 
impact. (4) 
          
The state of 
non-human 
species is an 
indicator of the 
future for 
humans. (5) 
          
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I think a lot 
about the 
suffering of 
animals. (6) 
          
I feel very 
connected to 
all living 
things and the 
earth. (7) 
          
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Q31 For each of the following, please rate the extent to which you agree with each statement using the 
scale below.  Please be open and honest in your responding. 
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 Strongly disagree (1) Disagree (2) Somewhat disagree (3) 
Neither agree nor disagree (4) Somewhat agree (5) Agree (6) Strongly agree (7) 
In most 
ways, my 
life is 
close to 
ideal. (1) 
              
The 
conditions 
of my life 
are 
excellent. 
(2) 
              
I am 
satisfied 
with my 
life. (3) 
              
So far I 
have 
gotten the 
important 
things I 
want in 
life. (4) 
              
If I could 
live my 
life over, I 
would 
change 
almost 
nothing. 
(5) 
              
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Q40 Please rate the frequency of time you spend in the following natural environments currently 
(within the past year). 
 Never/Rarely (once/twice a year) (1) Sometimes (once a month) (2) Occasionally (once a fortnight) (3) Regularly (once a week) (4) Often (more than once a week) (5) 
In my or 
someone else's 
garden/yard (1) 
          
Looking at the 
stars (2)           
Watching the 
clouds (3)           
At a park (4)           
In the bush (5)           
Camping 
outdoors (6)           
At the beach 
(7)           
On or in the 
ocean (8)           
At a river (9)           
At a lake (10)           
In the 
mountains (11)           
In the 
rainforest/forest 
(12) 
          
Other natural 
environment 
(13) 
          
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Q39 Please rate the frequency of time you spent in the following natural environments during your 
childhood (before you turned 18 years old). 
 Never/Rarely (once/twice a year) (1) Sometimes (once a month) (2) Occasionally (once a fortnight) (3) Regularly (once a week) (4) Often (more than once a week) (5) 
In my or 
someone else's 
garden/yard (1) 
          
Looking at the 
stars (2)           
Watching the 
clouds (3)           
At the park (4)           
In the bush (5)           
Camping 
outdoors (6)           
At the beach 
(7)           
On or in the 
ocean (8)           
At a river (9)           
At a lake (10)           
In the 
mountains (11)           
In the 
rainforest/forest 
(12) 
          
Other natural 
environment 
(13) 
          
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Q58 During the past year, how often have you participated in the following activities? 
 151 
 Never (1) Rarely (2) Sometimes (3) Often (4) As much as possible (5) 
Written to an MP 
about an 
environmental 
issue? (1) 
          
Signed a petition 
advocating for 
environmental 
issues? (2) 
          
Attended a 
rally/demo in 
support of 
environmental 
issues? (3) 
          
Contributed money 
to an environmental, 
conservation, or 
wildlife protection 
group? (4) 
          
Talked to others 
about their 
environmental 
behavior? (5) 
          
Shared about 
environmental 
issues on social 
media? (6) 
          
"Liked" posts about 
environmental 
issues on social 
media (7) 
          
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Written a letter to a 
newspaper/magazine 
about environmental 
issues? (8) 
          
Raised money for an 
environmental 
cause? (9) 
          
Contributed time to 
an environmental or 
conservation group? 
(10) 
          
Voted for or against 
a candidate for 
public office based 
mainly on their 
views about the 
environment? (11) 
          
 
 
  
 153 
Q59 During the past year, how often have you participated in the following activities? 
 154 
 Never (1) Rarely (2) Sometimes (3) Often (4) As much as possible (5) 
Planted trees or 
shrubs in your 
own garden to 
attract wildlife? 
(1) 
          
Attended an 
environmental 
clean-up day? 
(2) 
          
Attended a bush 
care day (e.g. 
weeding)? (3) 
          
Taken part in 
trapping/tracking 
introduced 
predators? (4) 
          
Taken part in 
organised 
monitoring for 
native animals? 
(5) 
          
Put up a bird 
box? (6)           
Participated in 
local 
environmental 
programs? (7) 
          
Rehabilitated an 
animal? (8)           
Participated in 
citizen science? 
(9) 
          
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Q60 During the past year, how often have you engaged in the following behaviours? 
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 Never (1) Rarely (2) Sometimes (3) Often (4) As much as possible (5) 
Recycled 
packaging 
from products? 
(1) 
          
Picked up 
rubbish in 
public areas? 
(2) 
          
Turned off the 
lights when 
leaving a 
room? (3) 
          
Biked or taken 
the bus or 
other forms of 
public 
transport? (4) 
          
Limited time 
in the shower 
to conserve 
water? (5) 
          
Brought your 
own bag to get 
groceries? (6) 
          
Avoided 
purchasing 
products with 
non-recyclable 
packaging? (8) 
          
Purchased 
organic goods? 
(9) 
          
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Brought your 
own cup to get 
hot beverages 
(e.g. 
tea/coffee)? 
(10) 
          
Did not eat or 
reduced the 
amount of 
meat you 
consume? (11) 
          
Stopped 
buying a 
product 
because it 
caused 
environmental 
problems (e.g. 
palm oil) (12) 
          
 
Environmental knowledge 
Q38 Compared to other members of the community, how much do you feel you know about 
environmental issues and problems in general? 
 Nothing (1) 
 Almost nothing (2) 
 A little (3) 
 A reasonable amount (4) 
 A lot (5) 
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Q39 What are your main sources for environmental information?  Check as many as applicable. 
 TV (1) 
 Radio (2) 
 Internet websites (3) 
 Social media (4) 
 Magazines (5) 
 Newspapers (6) 
 Classes/courses (7) 
 Books (8) 
 Library (9) 
 Friends/relatives (10) 
 Other (11) ____________________ 
 None (12) 
 
Q40 Quickly write down up to 5 current GLOBAL environmental issues that you can think of.  Use 1-3 
words for each. 
 
Nature exposure 
Q69 About how often do you usually visit outdoor greenspaces for any reason?  This includes, for 
example, beaches, bushland, playgrounds, or picnic areas, dog off-leash areas, golf courses, national 
parks. This can include visits while volunteering. 
 Never (1) 
 Once a year (2) 
 Once every three months (3) 
 Once a month (4) 
 2-3 times a month (5) 
 Once a week (6) 
 2-3 days a week (7) 
 3-5 days a week (8) 
 6-7 days a week (9) 
 
Q45 What is your age (please input numbers only)? 
 
Q46 What is your gender? 
 Female (1) 
 Male (2) 
 Other (3) 
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Q47 Before tax, what is the total of all wages/salaries, government benefits, pensions, allowances and 
other income you usually receive? (please tick one) 
 $2000 or more a week ($104,000 or more per year) (1) 
 $1,500 - $1,999 a week ($78,000-$103,999 per year) (2) 
 $1,250-$1,499 a week ($65,000-$77,999 per year) (3) 
 $1,000-$1,249 a week ($52,000-$64,999 per year) (4) 
 $800-$999 a week ($41,600-$51,999 per year) (5) 
 $600-$799 a week ($32,200-$$41,599 per year) (6) 
 $400-$599 a week ($20,800-$31,199 per year) (7) 
 $300-$399 a week ($15,600-$20,799 per year) (8) 
 $200-$299 a week ($10,400-$15,599 per year) (9) 
 $1-$199 a week ($1-$10,399 per year) (10) 
 Nil or negative income (0) 
 
Q48 How many people live at your home who are under 16 years of age (please input numbers only)? 
 
Q49 Including you, how many people live at your home who are over 16 years of age (please input 
numbers only)? 
 
Q50 What is the level of the highest qualification of schooling year you have completed? (please tick 
one) 
 Year 9 or below (e.g. up to Form 3) (1) 
 Year 10 equivalent (e.g. Form 4) (2) 
 Year 11 equivalent (e.g. Form 5) (3) 
 Year 12 or equivalent (e.g. Form 6) (4) 
 Year 13 or equivalent (e.g. Form 7) (5) 
 Polytechnic qualification (6) 
 Trade certificate (7) 
 Diploma (8) 
 Bachelor degree (9) 
 Post-graduate degree (10) 
 Other (please specify) (11) ____________________ 
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Q51 What is employment status (tick as many as apply)? 
 Work full-time (1) 
 Work part-time (2) 
 Student full-time (3) 
 Student part-time (5) 
 No paid work (4) 
 
Q52 Are you retired? 
 Yes (1) 
 No (2) 
 
Q74 Before moving to the final task, please write any comments or concerns about the survey, or 
anything you'd like us to know. 
 
